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(57) A multilayer electronic component includes a
plurality of dielectric layers interleaved with a plurality of
internal electrodes. Internal and/or external anchor tabs
may also be selectively interleaved with the dielectric lay-
ers. Portions of the internal electrodes and anchor tabs
are exposed along the periphery of the electronic com-
ponent in respective groups. Each exposed portion is
within a predetermined distance from other exposed por-
tions in a given group such that termination structures

Multilayer electronic component and method of forming electrolytically plated terminations

may be formed by deposition and controlled bridging of
a thin-film plated material among selected of the exposed
internal conductive elements. Electrolytic plating may be
employed in conjunction with optional cleaning and an-
nealing steps to form directly plated portions of copper,
nickel or other conductive material. Once an initial thin-
film metal is directly plated to a component periphery,
additional portions of different materials may be plated
thereon.
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Description

PRIORITY CLAIMS

[0001] This application claims the benefit of priority as
a continuation-in-part application of previously filed U.S.
Utility Patent Application entitled "PLATED TERMINA-
TIONS", filed February 25, 2005 and assigned USSN
11/066,575, which in turn is a divisional application of
previously filed U.S. Utility Patent Application entitled
"PLATED TERMINATIONS", filed April 6, 2004 and as-
signed USSN 10/818,951, which in turn is a continuation-
in-part application of previously filed U.S. Utility Patent
Application entitled "PLATED TERMINATIONS", filed
August 1, 2003 and assigned USSN 10/632,514, now
U.S. PatentNo. 6,960,366, whichin turnis a continuation-
in-part application of previously filed U.S. Utility Patent
Application entitted "PLATED TERMINATIONS" filed
April 8, 2003 and assigned USSN 10/409,023, which ap-
plication claims priority to U.S. Provisional Patent Appli-
cationentitled "PLATED TERMINATIONS," filed April 15,
2002 and assigned USSN 60/372,673. The complete dis-
closures of all of the foregoing applications are fully in-
corporated herein by reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] The present subject matter generally concerns
improved termination features for multilayer electronic
components, and more particularly relates to plated ter-
minations for multilayer electronic components, such as
capacitors, resistors, inductors, etc. or for integrated pas-
sive components. The subject termination designs utilize
selective arrangements of internal and/or external elec-
trode tabs to facilitate the formation of plated electrical
connections. The external connections are preferably
made whereby the provision of typical thick film termina-
tion stripes is eliminated or greatly simplified.

[0003] Many modern electronic components are pack-
aged as monolithic devices, and may comprise a single
component or multiple components within a single chip
package. One specific example of such a monolithic de-
vice is a multilayer capacitor or capacitor array, and of
particular interest with respect to the disclosed technol-
ogy are multilayer capacitors with interdigitated internal
electrode layers and corresponding electrode tabs. Ex-
amples of multilayer capacitors that include features of
interdigitated capacitor (IDC) technology can be found in
U.S. Patent Nos. 5,880,925 (DuPré et al.) and 6,243,253
B1 (DuPré et al.). Other monolithic electronic compo-
nents correspond to devices that integrate multiple pas-
sive components into a single chip structure. Such an
integrated passive component may provide a selected
combination of resistors, capacitors, inductors and/or
other passive components that are formed in a multilay-
ered configuration and packaged as a monolithic elec-
tronic device.

[0004] Selective terminations are often required to
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form electrical connections for various monolithic elec-
tronic components. Multiple terminations are needed to
provide electrical connections to the different electronic
components of an integrated monolithic device. Multiple
terminations are also often used in conjunction with IDC’s
and other multilayer arrays in order to reduce undesirable
inductance levels. One exemplary way that multiple ter-
minations have been formed in multilayer components
is by drilling vias through selected areas of a chip struc-
ture and filling the vias with conductive material such that
an electrical connection is formed among selected elec-
trode portions of the device.

[0005] Another way of forming external terminations
for the subject devices is to apply a thick film stripe of
silver or copper in a glass matrix to exposed portions of
internal electrode layers, and subsequently plating addi-
tional layers of metal over the termination stripes such
that a part is solderable to a substrate. An example of an
electronic component with external electrodes formed by
fired terminations and metal films plated thereon is dis-
closed in U.S. Patent No. 5,021,921 (Sano et al.). The
application of terminations is often hard to control and
can become problematic with reduction in chip sizes.
U.S. Patent Nos. 6,232,144 B1 (McLoughlin) and
6,214,685B1 (Clinton et al.) concern methods for forming
terminations on selected regions of an electronic device.
[0006] The ever-shrinking size of electronic compo-
nents makes it quite difficult to print termination stripes
in a predetermined area with required precision. Thick
film termination stripes are typically applied with a ma-
chine that grabs a chip and applies selective terminations
with specially designed and/or engraved wheels. U.S.
Patent Nos. 5,944,897 (Braden), 5,863,331 (Braden et
al.), 5,753,299 (Garcia et al.), and 5,226,382 (Braden)
disclose mechanical features and steps related to the
application of termination stripes to a chip structure. Re-
duced component size or an increased number of termi-
nation contacts for an electronic chip device may cause
the resolution limits of typical termination machines to
become maxed out.

[0007] Other problems that can arise when trying to
apply selective terminations include shifting of the termi-
nation lands, mispositioning of terminations such that in-
ternal electrode tabs are exposed or missed entirely, and
missing wrap-around termination portions. Yet further
problems may be caused when too thin a coating of the
paint-like termination material is applied or when one por-
tion of termination coating smears into another causing
shorted termination lands. These and other concerns sur-
rounding the provision of electrical termination for mon-
olithic devices create a need to provide inexpensive and
effective termination features for electronic chip compo-
nents.

[0008] In light of component miniaturization and con-
cerns with providing terminations that do not short to-
gether, especially when positioning multiple components
in proximity on a circuit board, U.S. Patent No. 6,380,619
(Ahiko et al.) provides a chip type electronic component
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having external electrodes that are spaced at predeter-
mined distances from side surfaces of a ceramic sub-
strate. More particularly, electronic components having
three-sided terminations as opposed to more conven-
tional five-sided terminations are disclosed. Such com-
ponents with three-sided terminations are more easily
provided in an adjacent relationship with one another
without shorting together distinct component termina-
tions. Some embodiments disclosed in Ahiko et al. in-
clude electroplated films applied to the exposed portions
of individual electrodes.

[0009] Yetanother known option related to termination
application involves aligning a plurality of individual sub-
strate components to a shadow mask. Parts can be load-
ed into a particularly designed fixture, such as that dis-
closed in U.S. Patent No. 4,919,076 (Lutz et al.), and
then sputtered through a mask element. This is typically
a very expensive manufacturing process, and thus other
effective yet more cost efficient termination provisions
may be desirable.

[0010] U.S. Patent Nos. 5,880,011 (Zablotny et al.),
5,770,476 (Stone), 6,141,846 (Miki), and 3,258,898
(Garibotti), respectively deal with aspects of the forma-
tion of terminations for various electronic components.
[0011] Additional background references that address
methodology for forming multilayer ceramic devices in-
clude U.S. Patent Nos. 4,811,164 (Ling et al.), 4,266,265
(Maher), 4,241,378 (Dorrian), and 3,988,498 (Maher).
[0012] While various aspects and alternative features
are known in the field of electronic components and ter-
minations therefor, no one design has emerged that gen-
erally addresses all of the issues as discussed herein.
The disclosures of all the foregoing United States patents
are hereby fully incorporated into this application by ref-
erence thereto.

BRIEF SUMMARY OF THE INVENTION

[0013] The present subject matter recognizes and ad-
dresses various of the foregoing shortcomings, and oth-
ers concerning certain aspects of electrical terminations
and related technology. Thus, broadly speaking, a prin-
cipal object of the presently disclosed technology is im-
proved termination features for electronic components.
More particularly, the disclosed termination features are
plated and designed to eliminate or greatly simplify thick-
film stripes that are typically printed along portions of a
monolithic device for termination purposes.

[0014] Another principal object of the presently dis-
closed technology is to offer a way to guide the formation
of plated terminations through the provision of internal
electrode elements and the optional placement of addi-
tional anchor tabs. Both internal electrode elements and
additional anchor tabs can facilitate the formation of se-
cure and reliable external plating. Anchor tabs, which typ-
ically provide no internal electrical connections, may be
provided for enhanced external termination connectivity,
better mechanical integrity and deposition of plating ma-
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terials. The location of exposed internal conductive ele-
ments (including electrodes and anchor tabs) enables
the deposition and formation of plated termination struc-
tures in a "self-determining" process.

[0015] Yet another principal object of the present sub-
jectmatteris to provide termination features for electronic
components whereby typical thick-film termination
stripes are eliminated or simplified, and only plated ter-
minations are needed to effect many of the external elec-
trode connections for a given component. Plated mate-
rials in accordance with the disclosed technology may
comprise metallic conductors, resistive materials, and/or
semi-conductive materials.

[0016] A still further principal object of the subject ter-
mination technology is that termination features can be
used in accordance with a variety of multilayer monolithic
devices, including, for example, low inductance ceramic
capacitors and capacitor arrays, multilayer ceramic ca-
pacitors and capacitor arrays, and integrated passive
components. Integrated passive components may in-
clude a select combination of resistors, capacitors, varis-
tors, inductors, baluns, couplers, and/or other passive
components.

[0017] A resultant advantage of the disclosed subject
matter is that termination features for electronic compo-
nents can be effected without the need for application by
termination machinery, thus providing an ability to yield
external terminations with resolution levels that may oth-
erwise be unattainable. Such improved termination res-
olution also enables the provision of more terminations
within a given component area and terminations with a
much finer pitch, thus reducing over ESL values associ-
ated with such terminations.

[0018] A general object of the present technology is to
provide termination features that enable an effective sol-
der base with reduced susceptibility to solder leaching
and also lowered insulation resistance. Another general
object of this technology is to provide termination features
that enable an effective metal base for wirebonding. Stat-
ed another way, with the present ability to electroplate
certain materials (for example, such as nickel or gold), a
present object is to make it possible to provide a termi-
nation for wirebonding. Configuration of exposed elec-
trode portions and anchor tab portions is designed such
that selected adjacent exposed tab portions are decorat-
ed with plated termination material without undesired
bridging among distinct termination locations.

[0019] Yetanother object of the present subject matter
is that the disclosed technology can be utilized in accord-
ance with a myriad of different termination configurations,
including varied numbers and placement of external ter-
minations. Plated terminations can be formed in accord-
ance with a variety of different plating techniques as dis-
closed herein at locations that are self-determined by the
provision of exposed conductive elements on the periph-
ery of an electronic component.

[0020] A still further object of the subject plated termi-
nation technology is to facilitate the production of more
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inexpensive and effective electronic components in an
expedient and reliable manner. One key reason why this
is accomplished is that the subject termination plating
process uses "batch" processing instead of individual ter-
mination.

[0021] Further advantages of the subject technology
include formation of thin-film termination structures for
electronic components that are selectively formed in self-
determined locations with precise terminal shape and
alignment. The resultant termination structures and elec-
tronic components exhibit reliable electrical and mechan-
ical properties, including low volatile component emis-
sions.

[0022] Additional objects and advantages of the
present subject matter are set forth in, or will be apparent
to those of ordinary skill in the art from, the detailed de-
scription herein. Also, it should be further appreciated by
those of ordinary skill in the art that modifications and
variations to the specifically illustrated, referenced, and
discussed features hereof may be practiced in various
embodiments and uses of the disclosed technology with-
out departing from the spirit and scope thereof, by virtue
of present reference thereto. Such variations may in-
clude, but are not limited to, substitution of equivalent
means and features, or materials for those shown, ref-
erenced, or discussed, and the functional, operational,
or positional reversal of various parts, features, or the like.
[0023] Still further, it is to be understood that different
embodiments, as well as different presently preferred
embodiments, of this subject matter may include various
combinations or configurations of presently disclosed
features or elements, or their equivalents (including com-
binations of features or configurations thereof not ex-
pressly shown in the figures or stated in the detailed de-
scription).

[0024] A first exemplary embodiment of the present
subject matter relates to a multilayer electronic compo-
nent including a plurality of dielectric layers, a plurality of
internal electrodes, and at least one portion of electro-
chemical deposit. The plurality of electrode layers are
respectively delimited laterally by edges and the internal
electrode layers are selectively interleaved among the
plurality of dielectric layers such that selected portions
of the internal electrodes extend to and are exposed in
respective groups along at least one edge of the plurality
of dielectric layers. The interleaved combination of die-
lectric layers and internal electrodes forms a monolithic
assembly characterized by respective topmost and bot-
tommost surfaces. The at least one portion of electro-
chemical deposit corresponds to a thin-film plating ma-
terial formed along the periphery of the multilayer com-
ponent to connect exposed portions of the plurality of
internal electrodes within each respective group.
[0025] In some more particular embodiments, internal
anchor tabs are also interleaved among the plurality of
dielectric layers and exposed along at least one edge of
the plurality of dielectric layers. External anchor tabs may
also be provided on the topmost and/or bottommost sur-
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faces of the monolithic assembly. The anchor tabs may
be exposed in the same groups as the exposed portions
of the electrode layers. In some embodiments, the dis-
tance between exposed portions of internal electrodes
(and optional anchor tabs) within each respective group
is no greater than about ten microns, and is less than
about eight microns in other embodiments. The distance
between adjacent groups of exposed internal electrodes
(and optional anchor tabs) in any given group may be at
least twice as great as the distance between exposed
internal electrodes (and optional anchor tabs) in any giv-
en group. In still further embodiments, the exposed
groups are aligned in columns and the distance between
selected adjacentinternal electrodes and internal anchor
tabs in selected of the respective columns is closer to-
wards the topmost and bottommost surfaces of the mon-
olithic assembly than at the inner layers.

[0026] In comparing electroless and electrolytic de-
posits, it should be understood that electroless deposits
may include such as copper(Cu), nickel-phosphorous
(Ni-P), nickel-boron(Ni-B), palladium(Pd), silver(Ag) and
gold(Au), while electrolytic deposits may include copper
(Cu), pure (i.e., not alloyed) nickel (Ni), palladium(Pd),
silver(Ag), gold (Au), tin(Sn), tin-lead(Sn-Pb), tin-nickel
(Sn-Ni) or other deposits. Generally, pure nickel electro-
lytic plating should have an advantage of a plated nickel
to internal nickel electrode bond that is otherwise not
achievable by electroless chemistry. Also, added control
is generally required for electroless deposits due to great-
er depletion of bath chemistry components relative to
electroytic baths. Some electroless baths have atenden-
cy to plate out in areas where no metal is exposed versus
electrolytic plating. Hard gold can only be deposited elec-
trolytically. Electrolytic deposits of the same metal will
generally have different grain structure and mechanical
properties versus electroless deposits such that the type
of plating can detected by known forms of analysis, such
as DPA and SEM/TEM analysis. However, both electro-
less and electrolytic plating have the same set of advan-
tages versus thick film termination including the higher
electrical conductivity of the deposited metal versus met-
al-glass thick film composite material deposits.

[0027] The thin-film electrochemical deposit directly
plated to the periphery of the multi-layer electronic com-
ponent may correspond to copper(Cu) in some embod-
iments or to nickel(Ni) in other embodiments. Additional
materials may be used in place of nickel or copper, in-
cluding Palladium(Pd), Tin(Sn), Gold(Au), Silver(Ag), or
Tin(Sn)-Lead(Pb) alloys or other alloys. Additional por-
tions of thin-film material may be provided on top of the
initial portions, such as of copper or nickel or other ma-
terials. These may selectively include such materials as
nickel, tin, gold, or others.

[0028] The present subject matter equally concerns
methodology associated with forming multilayer elec-
tronic components in accordance with the disclosed tech-
nology. One exemplary embodiment of such methodol-
ogy includes the steps of providing a plurality of electronic
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components, providing an electrolytic plating solution
with an electrical bias and fully immersing the plurality of
electronic components in the plating solution for a pre-
determined amount of time. The electronic components
respectively include a plurality of insulating substrate lay-
ers selectively interleaved with a plurality of internal con-
ductive elements. Selected portions of the internal con-
ductive elements are exposed at locations along the pe-
riphery of each electronic component such that immer-
sion in the plating solution enables a plating material to
be deposited at selected exposed conductive portions of
each electronic component. Respective termination
structures are developed by controlled bridging of the
plated material among selected of the exposed internal
conductive elements. In some embodiments, the prede-
termined amount of time for which the plurality of elec-
tronic components are immersed in the electrolytic plat-
ing solution corresponds to a required time to build up
plating material to a thickness of greater than about one
micron. In other embodiments, it is desirable to build up
plating material to a thickness of between about two and
about twenty microns.

[0029] Insome more particular embodiments, the plat-
ing solution is a nickel or copper electrolytic bath solution,
such as but not limited to a copper acid solution or a
nickel sulfamate solution with a controlled pH level. Be-
fore immersion in such exemplary plating solutions, elec-
tronic components may initially be subjected to a cleaning
step to remove any oxides from the components. When
the internal conductive elements are formed of nickel,
this precleaning step is particularly advantageous in the
removal of any nickel oxide buildup. The cleaning step
may involve immersion in an acid preclean solution,
chemical polishing, and/or mechanical agitation (e.g.,
harperizing) of the components. After the disclosed elec-
trolytic plating step, components may optionally be sub-
jected to an annealing step whereby the components are
heated to increase component and termination strength
and integrity in some embodiments. Additional layers of
different materials may also be plated over the initially
direct electroplated portions.

[0030] Additional embodiments of the present subject
matter, not necessarily expressed in this summarized
section, may include and incorporate various combina-
tions of aspects of features or parts referenced in the
summarized objectives above, and/or features or parts
as otherwise discussed in this application.

[0031] Those of ordinary skill in the art will better ap-
preciate the features and aspects of such embodiments,
and others, upon review of the remainder of the specifi-
cation.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0032] A full and enabling description of the present
subject matter, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth in the spec-
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ification, which makes reference to the appended figures,
in which:

Figure 1A illustrates a generally top exploded view
of a known exemplary electrode layer configuration
for a multilayer interdigitated capacitor;

Figure 1B illustrates a generally side perspective
view of an exemplary multilayer interdigitated capac-
itor with an internal electrode layer configuration
such as the known exemplary embodiment illustrat-
ed in Figure 1A;

Figure 2A illustrates a generally top exploded view
of an exemplary internal electrode layer and anchor
tab configuration for a multilayer interdigitated ca-
pacitor in accordance with the present subject mat-
ter;

Figure 2B illustrates a generally side perspective
view of an exemplary multilayer interdigitated capac-
itor in accordance with the present subject matter
with internal electrode and anchor tab portions such
as illustrated in Figure 2A;

Figure 3A illustrates a generally top exploded view
of a known exemplary internal electrode layer con-
figuration for a multilayer capacitor;

Figure 3B illustrates a generally top exploded view
of an exemplary internal electrode layer and anchor
tab configuration for a multilayer capacitor in accord-
ance with the present subject matter;

Figure 4A illustrates a generally side perspective
view of an exemplary multilayer capacitor in accord-
ance with the present subject matter with internal
electrode and anchor tab portions such as illustrated
in Figure 3B;

Figure 4B illustrates a generally side perspective
view of an exemplary multilayer interdigitated capac-
itor in accordance with the present subject matter,
featuring internal electrode and anchor tab portions
exposed on four selected sides of the exemplary ca-
pacitor configuration;

Figures 5A and 5B respectively illustrate generally
top views of a known electrode layer configuration
for use in exemplary multilayer capacitor embodi-
ments;

Figure 5C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment with electrode layer configurations such as the
known exemplary representations of Figures 5A and
5B;

Figures 6A and 6B respectively illustrate generally
top views of an exemplary "T-shaped" electrode lay-
er configuration in accordance with the present sub-
ject matter for use in multilayer capacitor embodi-
ments with corner terminations;

Figure 6C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment in accordance with the present subject matter
with electrode layer configurations such as those il-
lustrated in Figures 6A and 6B;
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Figures 6D and 6F illustrate alternative embodi-
ments of an exemplary multilayer capacitor embod-
iment similar to Figure 6C and having electrode layer
configurations such as those illustrated in Figures
6A and 6B;

Figure 6E illustrates the embodiment of Figure 6D
with plated terminations applied in accordance with
the present subject matter and further depicted in an
exemplary orientation for mounting the embodiment
to a substrate;

Figure 6G illustrates the embodiment of Figure 6F
with plated terminations applied in accordance with
the present subject matter and further depicted in an
exemplary orientation for mounting the embodiment
to a substrate;

Figure 7A illustrates a generally side perspective
view of an exemplary capacitor array with exposed
electrode tabs;

Figure 7B illustrates a generally side perspective
view of an exemplary capacitor array with plated ter-
minations in accordance with the present subject
matter;

Figure 8A illustrates a generally side perspective
view of an exemplary multilayer interdigitated capac-
itor with plated terminations in accordance with the
present subject matter;

Figure 8B illustrates a side cross-sectional view of
an exemplary multilayer interdigitated capacitor with
exemplary plated terminations in accordance with
the disclosed technology taken along planar section
line A-A of Figure 8A;

Figure 9A illustrates a generally side view, with slight
top perspective, of an exemplary monolithic integrat-
ed passive component with exposed electrode tabs
and additional anchor tabs in accordance with the
disclosed technology;

Figure 9B illustrates a generally side view, with slight
top perspective, of an exemplary monolithic integrat-
ed passive component with plated terminations in
accordance with the present subject matter;

Figure 10A illustrates a generally side cross-section-
al view of an exemplary multilayer electronic com-
ponent having electrodes and anchor tabs posi-
tioned and exposed for forming an "lI-shaped" termi-
nation in accordance with the presently disclosed
technology;

Figure 10B illustrates a generally side cross-section-
al view of an exemplary multilayer electronic com-
ponent with "lI-shaped" terminations, such as formed
via subjection of the embodiment depicted in Figure
10A to selected plating processes as presently dis-
closed in accordance with the present subject mat-
ter;

Figure 11Aillustrates a generally side cross-section-
al view of an exemplary multilayer electronic com-
ponent having electrodes and anchor tabs posi-
tioned and exposed for forming a "J-shaped" termi-
nation in accordance with the presently disclosed
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technology;

Figure 11B illustrates a generally side cross-section-
al view of an exemplary multilayer electronic com-
ponentwith "J-shaped" terminations, such as formed
via subjection of the embodiment depicted in Figure
11A to selected plating processes as presently dis-
closed in accordance with the present subject mat-
ter;

Figure 12Aillustrates a generally side cross-section-
al view of an exemplary multilayer electronic com-
ponent having electrodes and anchor tabs posi-
tioned and exposed for forming an "U-shaped" ter-
mination in accordance with the presently disclosed
technology;

Figure 12B illustrates a generally side cross-section-
al view of an exemplary multilayer electronic com-
ponent with "U-shaped" terminations, such as
formed via subjection of the embodiment depicted
in Figure 12A to selected plating processes as pres-
ently disclosed in accordance with the present sub-
ject matter;

Figures 13A and 13B respectively illustrate generally
top views of an exemplary "J-shaped" electrode layer
configuration in accordance with the present subject
matter for use in multilayer capacitor embodiments;
Figure 13C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment in accordance with the present subject matter
with "J-shaped" electrode layer configurations such
as those illustrated in Figures 13A and 13B;
Figures 14A and 14B respectively illustrate generally
top views of an exemplary "T-shaped" electrode lay-
er configuration in accordance with the present sub-
ject matter for use in multilayer capacitor embodi-
ments;

Figure 14C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment in accordance with the present subject matter
with "T-shaped" electrode layer configurations such
as those illustrated in Figures 14A and 14B;
Figures 15A and 15B respectively illustrate generally
top views of an exemplary rectangular electrode lay-
er configuration in accordance with the present sub-
ject matter for use in multilayer capacitor embodi-
ments;

Figure 15C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment in accordance with the present subject matter
with rectangular electrode layer configurations such
as those illustrated in Figures 15A and 15B;
Figures 16A and 16B respectively illustrate generally
top views of an exemplary electrode layer configu-
ration for effecting opposing corner terminations for
use in multilayer capacitor embodiments in accord-
ance with the present subject matter;

Figure 16C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment with electrode layer configurations such as il-
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lustrated in Figures 16A and 16B in accordance with
the present subject matter;

Figure 16D illustrates a generally side perspective
view of the exemplary multilayer capacitor embodi-
ment of Figure 16C provided with plated terminations
in accordance with the present subject matter and
oriented in an exemplary mounting configuration;
Figures 17Aand 17B respectively illustrate generally
top views of an exemplary electrode layer configu-
ration with multiple side tabs and extended end por-
tions for use in multilayer capacitor embodiments in
accordance with the present subject matter;

Figure 17C illustrates a generally side perspective
view of an exemplary multilayer capacitor embodi-
ment with embedded electrode layer configurations
such as illustrated in Figures 17A and 17B in accord-
ance with the present subject matter;

Figure 18 depicts an exemplary terminated multilay-
er capacitor in accordance with the presently dis-
closed technology;

Figure 19A illustrates an exemplary cross-section of
the multilayer capacitor of Figure 18 taken along
lines B-B and C-C, specifically depicting the use of
internal anchor tabs in the cover layers only of a mul-
tilayer capacitor;

Figure 19B illustrates an exemplary cross-section of
the multilayer capacitor of Figure 18 taken along
lines B-B and C-C, specifically depicting the use of
internal anchor tabs in both the cover layers and ac-
tive layers of a multilayer capacitor;

Figures 19C illustrates an exemplary cross-section
of the multilayer capacitor of Figure 18 taken along
lines B-B and C-C, specifically depicting the use of
internal anchor tabs in the cover layers and active
layers of a multilayer capacitor having reduced
number of active layers and corresponding capaci-
tance;

Figure 19D illustrates an exemplary cross-section of
the multilayer capacitor of Figure 28 taken along
lines B-B and C-C, specifically depicting the use of
common electrode layers in the cover layers of a
multilayer capacitor;

Figure 20 depicts an exemplary terminated multilay-
er capacitor in accordance with the presently dis-
closed technology;

Figures 21A and 21B respectively illustrate exem-
plary cross-sections of the multilayer capacitor of
Figure 20 taken along lines D-D and E-E, specifically
depicting the general shape of selected device cor-
ners before and after corner rounding of the capac-
itor device;

Figure 21C illustrates an exemplary cross-section of
the multilayer capacitor of Figure 20 taken along
lines D-D and E-E, specifically depicting an exem-
plary length relationship between the cover layer an-
chor tabs and the capacitor end margin;

Figure 22 illustrates a close-up view of an exemplary
cross-section of the multilayer capacitor taken along
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lines D-D and E-E, specifically depicting the place-
ment of cover layer anchor tabs in an incrementally
close relationship towards top and/or bottom surfac-
es of the capacitor;

Figure 23A illustrates an exemplary portion of a mul-
tilayer capacitor assembly that may be subjected to
generally "V-shaped" dicing such as represented in
Figure 23B to produce multiple capacitors that after
slight additional corner rounding may appear as de-
picted in Figure 23C;

Figure 24 depicts an exemplary terminated multilay-
er capacitor in accordance with the presently dis-
closed technology;

Figure 25 illustrates an exemplary cross-section of
the multilayer capacitor of Figure 24 taken along
plane F, depicting various visual features of the ex-
emplary plated terminations in accordance with the
present subject matter;

Figure 26A illustrates an exemplary detailed view of
area G of the capacitor cross-section depicted in Fig-
ure 25, illustrating additional various visual features
of exemplary plated terminations in accordance with
the present subject matter;

Figure 26B illustrates an exemplary detailed view of
an area G of a capacitor cross-section as depicted
in Figure 25, illustrating additional various visual fea-
tures of exemplary plated terminations for a non met-
al penetration embodiment in accordance with the
present subject matter; and

Figure 27 provides a graphical representation of sin-
gle point ESL measurements versus the number of
terminals in High Density Peripheral Termination
(HDPT) capacitors designed in accordance with the
present subject matter.

[0033] Repeat use of reference characters throughout
the present specification and appended drawings is in-
tended to represent same or analogous features, ele-
ments, or steps of the present subject matter.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0034] As referenced in the Brief Summary of the In-
vention section, supra, the present subject matter is di-
rected towards improved termination features for mono-
lithic electronic components.

[0035] The subject termination scheme utilizes ex-
posed electrode portions of structures such as monolithic
capacitor arrays, multilayer capacitors including those
with interdigitated electrode configurations, integrated
passive components, and other electronic chip struc-
tures. Additional anchor tabs may be embedded within
such monolithic components to provide stacked plurali-
ties of exposed internal conductive portions to which plat-
ed terminations may be formed and securely positioned
along the periphery of a device.

[0036] By providing additional anchor tabs on selected
top and/or bottom surfaces of a chip device, wrap-around
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plated terminations may be formed that extend along the
side of a chip to one or more of the top and bottom layers.
Such wrap-around terminations may be desirable in cer-
tain applications to facilitate soldering of the chip to a
printed circuit board or other suitable substrate. Exposed
tabs that extend along an entire side without wrapping
around to the top and/or bottom layers may be formed
by providing anchor tabs into respective corner radius
portions of the top and bottom cover layers of the device,
thus facilitating a land-less termination that still enables
good solder wetting to a printed circuit board or other
mounting surface.

[0037] The subject plating technology and anchor tab
features may be utilized in accordance with a plurality of
different monolithic components. Figures 1A and 1B rep-
resent aspects of known interdigitated electrode layer
configurations wherein electrode tabs generally extend
to and are exposed on two selected sides of a multilayer
component. Aspects of plated terminations in accord-
ance with the present subject matter are thereafter pre-
sented with respect to Figures 2A and 2B, which also
concern multilayer component embodiments with ex-
posed conductive portions of two selected sides of a de-
vice.

[0038] Figure 3A illustrates aspects of a known elec-
trode layer configuration with electrode tabs for exposure
on one selected side of a multilayer electronic device.
Figures 3B and 4A, respectively, relate to improvements
of the exemplary embodiment presented in Figure 3A,
providing for an exemplary multilayer capacitor with in-
ternal electrode tabs exposed on one selected side of
the capacitor and featuring anchor tabs in accordance
with the present technology. Figure 4B relates to an ex-
emplary multilayer interdigitated component with internal
electrode tabs and anchor tabs exposed on four selected
sides of the component in accordance with the present
subject matter.

[0039] Still further exemplary embodiments of the
present subject matter relate to the multilayer capacitor
configurations illustrated in Figures 6A through 6G, re-
spectively, which are improvements to the exemplary
multilayer capacitor configurations of Figures 5A through
5C, respectively. Additional examples of multilayer ca-
pacitor configurations are illustrated in Figures 13A
through 13C, 14A through 14C, 15A through 15C, 16A
through 16D and 17A through 17C, respectively. Still fur-
ther embodiments of the disclosed technology are pre-
sented with reference to the exemplary capacitor arrays
of Figure 7A and 7B. Figures 8A and 8B then represent
aspects of the subject plated termination features, while
Figures 9A and 9B concern an exemplary integrated pas-
sive component with selective terminations in accord-
ance with the present subject matter. As more particular
examples of possible uses of the presently disclosed
technology, Figures 10A and 10B depict aspects of "I-
shaped" terminations, while Figures 11A and 11B depict
aspects of "J-shaped" terminations and Figures 12A and
12B depict aspects of "U-shaped" terminations. Figures

10

15

20

25

30

35

40

45

50

55

18A and 19A through 19D illustrate exemplary variations
of the incorporation of anchor tabs, active capacitor elec-
trodes and common electrodes in multilayer capacitors
of the present technology. Figures 20, 21A through 21C
and 22 more specifically illustrate exemplary aspects as-
sociated with providing anchor tabs in cover layers of a
multilayer electronic component. Figures 23A through
23C, respectively, depict an exemplary V-cut dicing op-
tion that facilitates generally angled off and eventually
rounded edges and corners for embodiments of the
present subject matter. Figures 24, 25 and 26 illustrate
specific exemplary features associated with the subject
plated terminations, and Figure 27 provides a graphical
representation of ESL values associated with exemplary
embodiments of the disclosed technology having a rela-
tively high number and density of resultant peripheral ter-
minations.

[0040] It should be noted that each of the exemplary
embodiments as presented herein should not insinuate
limitations of the disclosed technology. More particularly,
different electrode configurations than those illustrated
may be utilized with the disclosed plating steps and struc-
tures. Features illustrated or described as part of one
embodiment can be used in combination with another
embodiment to yield further embodiments. Additionally,
certain features may be interchanged with similar devices
or features not mentioned yet which perform the same,
similar or equivalent function.

[0041] Reference willnow be madeindetail tothe pres-
ently preferred embodiments of the disclosed technolo-
gy. Referring to the drawings, Figure 1A illustrates a
known exemplary configuration of electrode layers 10
and 12 with electrode tabs 14 for use in a multilayer in-
terdigitated capacitor or capacitor array. Electrode layers
are arranged in parallel with tabs 14 extending from the
layers such that electrode tabs extending from alternating
electrode layers 10 and 12 are aligned in respective col-
umns. The exemplary illustration depicts four such elec-
trode layers with corresponding tabs 14, but typical ar-
rangements as utilized with the present technology may
in some instances contain many more electrode layers
and respective tabs. This feature provides the option of
creating capacitive elements with a large range of capac-
itance values (by choosing the number of electrodes) .
[0042] The exemplary electrode layer configuration of
Figure 1A is not representative of a finished capacitor
embodiment. Instead, Figure 1A provides a reference for
an intermediate aspect of exemplary capacitor and ca-
pacitor array configurations. The electrode layer config-
uration of Figure 1A can be utilized in accordance with
an exemplary multilayer interdigitated capacitor such as
displayed in Figure 1B.

[0043] An interdigitated capacitor typically consists of
a plurality of electrode layers, such as those shown in
Figure 1A disposed in a body of dielectric material 18,
such as seen in the exemplary interdigitated capacitor
configuration 16 of Figure 1B. Electrode layers 10 and
12 are disposed in the dielectric material 18 such that
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electrode tabs 14 extend to and are exposed at two sides
of IDC embodiment 16. Exemplary materials for such
electrode layers may include platinum, nickel, silver, a
palladium-silver alloy, other alloys of these materials, or
other suitable conductive substances. Dielectric material
18 may comprise barium titanate, zinc oxide, alumina
with low-fire glass, or other suitable ceramic or glass-
bonded materials. Alternatively, the dielectric may be an
organic compound such as an epoxy (with or without ce-
ramic mixed in, with or without fiberglass), popular as
circuit board materials, or other plastics common as di-
electrics. Inthese cases the conductoris usually a copper
foil which is chemically etched to provide the patterns.
[0044] Exemplary IDC embodiment 16 may alterna-
tively be viewed as a multilayer configuration of alternat-
ing electrode layers and dielectric layers in portion 20 of
the device. IDC 16 is typically further characterized by a
topmost dielectric layer 22 and bottommost dielectric lay-
er 24 that may be built up to be generally thicker than
other dielectric layer portions of IDC configuration 16.
Such dielectric layers 22 and 24 act as cover layers to
protect the device and provide sufficient bulk to withstand
the stress of glass/metal frit that may be fired to a capac-
itor body. Known capacitor embodiments have utilized
the multilayer arrangement of Figure 1B, and the present
subject matter utilizes aspects of such configuration 16
in accordance with additional features disclosed herein.
[0045] A multilayer IDC component 16 such as that of
Figure 1B that incorporates the known exemplary elec-
trode layer configuration of Figure 1A is characterized by
electrode portions 14 that are exposed on two selected
sides of IDC component 16. Other exemplary internal
electrode configurations may be employed in a multilayer
component such that internal electrode portions are ex-
posed at different locations and/or on different numbers
of sides of the device.

[0046] For example, consider the exemplary internal
electrode layer configuration illustrated in the exploded
view of Figure 3A. Alternating electrode layers 26 and 28
are provided with electrode tab portions 30 extending
toward a single selected direction. Electrode tabs 30 for
each set of alternating electrode layers are preferably
arranged in a stacked configuration such that, for in-
stance, tabs 30 from electrode layers 26 are aligned in
two respective columns. A similar alignment situation
preferably holds for tabs 30 of electrode layers 28. Amul-
tilayer capacitor or other passive component that utilizes
the exemplary internal electrode configuration of Figure
3A will typically be configured such that electrode tab
portions 30 are exposed on a single selected side of the
component.

[0047] Yet another exemplary internal electrode layer
configuration provides for electrode tabs that are ex-
posed on four sides of a multilayer interdigitated compo-
nent. Such internal electrode layers may be similar to the
configuration depicted in Figure 1A wherein each alter-
nating electrode layer 10 and 12 has additional tab por-
tions on the sides of the layers adjacent to the sides from
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which tab portions 14 extend.

[0048] A still further exemplary electrode layer config-
uration and corresponding multilayer capacitor embodi-
ment is depicted in Figures 5A through 5C, respectively.
A first plurality of internal electrode layers 32 such as in
Figure 5A are interleaved with internal electrode layers
34, such as in Figure 5B, in a body of dielectric material
36 to form a multilayer capacitor 38 such as in Figure 5C.
In such exemplary multilayer component 38, portions 40
of one set of electrode layers 32 or 34 is exposed on side
42 of component 38. The portions of the other set of elec-
trode layers 32 or 34 are thus exposed on the side of the
device opposite of side 42 (not seen in the drawing).
[0049] Referring again to Figure 1B, a typical conven-
tional termination for IDC embodiment 16 and for other
monolithic electronic components comprises a printed
and fired thick-film stripe of silver, copper, or other suit-
able metal in a glass matrix, on top of which is plated a
layer of nickel to promote leach resistance, and is fol-
lowed by a layer of tin or solder alloy which protects the
nickel from oxidation, and promotes an easily soldered
termination.

[0050] A thick-film stripe in accordance with such type
of termination also typically requires printed application
by a termination machine and printing wheel or other suit-
able component to transfer a metal-loaded paste. Such
printing hardware may have resolution limits that make
it hard to apply thick-film stripes, especially to smaller
chips. A typical existing size for an IDC 16 or other elec-
tronic component is about one hundred and twenty mils
(thousandths of an inch) by sixty mils along the two op-
posing sets of sides with a thickness from top to bottom
layers of about thirty mils. When more than four termina-
tions need to be applied to a part this size or terminations
are desired for a part with smaller dimensions, the reso-
lution levels of specialized termination machinery often
becomes a limitation in applying effective termination
stripes.

[0051] The present subject matter offers a termination
scheme that eliminates or greatly simplifies the provision
of such typical thick-film termination stripes. By eliminat-
ing the less-controlled thick film stripe, the need for typical
termination printing hardware is obviated. Termination
features in accordance with the disclosed technology fo-
cus more on the plated layer of nickel, tin, copper, etc.
thatis typically formed over a thick-film termination stripe.
[0052] With plated terminations in accordance with the
presently disclosed technology, it should be appreciated
that it is possible to form terminations that are the same
width along a component’s periphery as that of the ex-
posed internal electrodes. In prior art termination
schemes, where thick-film termination stripes are ap-
plied, the terminations are typically wider than the ex-
posed electrode portions to account for potential misreg-
istration of exposed tabs. Exposed electrode portions in
such prior art embodiments must typically be narrow
enough to not only ensure complete coverage thereof by
the terminations, but also to ensure that adjacent termi-



17 EP 1 890 304 A1 18

nations do not shorttogether. In accordance with aspects
of the presently disclosed plated terminations, the pitch
between adjacent columns of exposed internal electrode
pads need not be as great. Since the potential problems
associated with thick-film terminations are eliminated in
many embodiments, capacitors may be made with elec-
trode tabs having greater width, or reduced pitch between
adjacent columns of electrode tabs, or with a higher
number of electrode tabs. Each of the aforementioned
capacitor modifications yields electronic components
with advantageously lower equivalent series inductance
(ESL).

[0053] ESL can be particularly lowered when more
electrode tabs are utilized in a multilayer capacitor em-
bodiment and when columns of such electrode tabs are
closer together. Interdigitated capacitors having a rela-
tively large number of electrode tabs per electrode have
a resulting large number of electrical terminals and are
thus often referred to as High Density Peripheral Termi-
nation (HDPT) capacitors. The construction and termi-
nation of such parts is facilitated in accordance with the
presently disclosed technology, thus achieving compo-
nents with improved ESL characteristics. A graph illus-
trating this phenomenon is provided in Figure 27, which
shows several curves modeling the single point ESL in
picoHenries (pH) versus number of terminals in an inter-
digitated capacitor. The curve with the diamond-shaped
data point corresponds to the measured ESL for HDPT
capacitors with 8-10 terminals having a pitch of about
760 pm. The curve with the square-shaped data points
corresponds to the measured ESL for HDPT capacitors
with 8-32 terminals having a pitch between terminals of
about 500 wm. The solid circular data point and portion
of the corresponding line between 8-10 terminals repre-
sents the measured ESL versus number of terminals with
a terminal pitch of 375 pum. The portion of the line ex-
tending beyond the sold circular data point (>10 termi-
nals) represents the predicted ESL versus number of ter-
minals with terminals having a pitch of about 375 pm.
Circular data point 250 represents the predicted ESL for
an 0306 size interdigitated capacitor (IDC) having a 400
pm pitch between its 10 terminals. Circular data point
252 represents the predicted ESL for an 0612 size IDC
having a 375 pm pitch among its 22 terminals. Circular
data point 254 corresponds to the predicted ESL for a
1616 size IDC having a 375 pm pitch between compo-
nents. The predicted ESL from the model is clearly lower
from either the experimental data or from expectation of
those of ordinary skill in the art. As should be understood
by one of ordinary skill in the art, a component size of
"XXYY" corresponds to one having a width dimension of
0.XX inches and a length dimension of 0.YY inches.
[0054] Now consider the exemplary capacitor array
configuration 44 presented in Figure 7A. Capacitor array
44 is characterized by a plurality of internal electrodes
and corresponding electrode tabs 46 embedded in a
body of dielectric material 48. As opposed to the elec-
trode layers of exemplary IDC configuration 16, the elec-
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trode tabs 46 of capacitor array 44 typically correspond
to separate internal electrodes. By subjecting capacitor
array 44 or other electronic component with similarly ex-
posed electrode tabs to an electroless plating solution,
for example nickel or copper ionic solution, or to an elec-
trolytic plating solution with an electrical bias, the forma-
tion of plated terminations 50, such as is shown in Figure
7B, is preferably effected. Electrical bias for electrolytic
plating solution is established by external power supply
with negative or minus connection to the electronic com-
ponent requiring formation of plated terminations and
positive or plus connection to proper solid anode material
(e.g., Cu in Cu plating solution) in the same electrolytic
plating solution. Exposure to such solution enables the
exposed electrode tabs 46 to become deposited with
nickel, copper, tin or other metallic plating. The resulting
deposition of plated material is preferably enough to ef-
fect an electrical connection between adjacent electrode
tabs 46 in a stacked column. The distance between ad-
jacent electrode tabs in a column of tabs should prefer-
ably be no greater than about ten microns to ensure prop-
er plating, and may be less than about eight microns in
some embodiments. The one to ten micron distances
between electrodes can be maintained in accordance
with the present subject matter for most embodiments
by the addition of anchor or non-functional tabs. The dis-
tance between adjacent columnar stacks of electrode
tabs 46 should thus be greater by at least a factor of 2
than this minimum distance to ensure that distinct termi-
nations 50 do not run together. In some embodiments of
the present technology, the distance between adjacent
columnar stacks of exposed metallization is about four
times the distance between adjacent exposed electrode
tabs 46 in a particular stack. By controlling the distance
between exposed internal conductor portions, termina-
tion connectivity can be manipulated to form bridged or
non-bridged terminations depending on the desired ter-
mination configuration.

[0055] Plated terminations 50 are thus guided by the
positioning of the exposed electrode tabs 46. This phe-
nomena is hereafter referred to as "self-determining"
since the formation of plated terminations 50 is deter-
mined by the configuration of exposed metallization at
selected peripheral locations on multilayer component,
or capacitor array, 44. The exposed internal electrode
tabs 46 also help anchor terminations 50 to the periphery
of capacitor array 44’, which corresponds to a multilayer
capacitor embodiment such as 44 of Figure 7A with the
addition of plated terminations 50. Further assurance of
complete plating coverage and bonding of the metals
may be achieved by including resistance-reducing addi-
tives in the plating solution.

[0056] A still further mechanism for enhancing the ad-
hesion of metallic deposit that forms the subject plated
terminations is to thereafter heat the component in ac-
cordance with such technologies as baking, laser sub-
jection, UV exposure, microwave exposure, arcwelding,
etc. This heating step, also referred to in the art as an-



19 EP 1 890 304 A1

nealing, often results in the diffusion of some of the plated
termination material into the adjacent exposed conduc-
tive portions (e.g., internal electrodes, internal and/or ex-
ternal anchor tabs). The resultant diffusion evident from
such an annealing process is represented in the example
of Figure 26A, which displays a detailed view of the area
G from Figure 25, which respectively illustrates an ex-
emplary cross-section of the multilayer device of Figure
24 taken along plane F. When conductive portion 204
(for example, copper plating) is formed at an exposed
conductive portion 260 (for example, a Nickel electrode)
some copper from portion 204 will diffuse into the portion
260. This phenomenon is represented by the downward
gradient shading in portion 260. The annealing step may
also result in some voiding in selected portions of the
plated terminations (for example in plated layer 206).
Such voiding (represented by exemplary areas 262) may
be the result of "Kirkendall" voiding, where diffusion of
the adjacent conductive portions during annealing caus-
es formed alloy(s) to take up less volume than the original
constituents. Somewhat to a degree in contrast, the ex-
emplary embodiment of Figure 26B (a non metal pene-
tration embodiment of the present subject matter) does
not have such voiding areas 262, does not have the ac-
tivator material traces 202, and does not have some por-
tion of 204 diffusing into the portion 260.

[0057] The plated terminations 50 of Figure 7B may
be sufficiently formed for some component applications,
but sometimes the exposed metallization from internal
electrode tabs is insufficient to form the self-determining
terminations of the present technology. In such case, it
may be beneficial, and in some cases necessary, to pro-
vide additional anchor tabs embedded within select por-
tions of a monolithic component. Anchor tabs are short
conductive tabs that typically offer no electrical function-
ality to a component, but mechanically nucleate and se-
cure additional plated termination along the periphery of
amonolithic device. Exposed anchor tabs in combination
with exposed internal electrode portions can provide suf-
ficientexposed metallization to create more effective self-
determining terminations. Exposed anchor tabs in com-
bination with exposed internal electrodes can be used to
reduce the distance between exposed electrodes and
tabs to less than ten microns to insure continuous metal
deposit with no gaps and to potentially improve deposit
adhesion by providing more direct electrolytically plated
metal to internal and exposed metal contact areas.
[0058] Forinstance, consider the exploded configura-
tion of exemplary internal metallization illustrated in Fig-
ure 2A. Alternating electrode layers 52 and 54 are pro-
vided in a similar configuration to the electrode layers of
Figure 1A, with electrode tab portions 56 extending from
selected locations of electrode layers 52 and 54. Addi-
tional anchor tabs 58 are also preferably provided in the
same plane as active electrode layers 52 and 54 such
that they are also exposed at selected locations along a
multilayer component, yet offer no internal electrical con-
nections. Additional anchor tabs may also be provided
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in the cover layers of a multilayer component and ex-
posed along selected sides such that the formation of
self-determining plated terminations that extend along
even more of the component periphery is enabled.
[0059] With reference to Figure 2B, multilayer compo-
nent 60 corresponds to an exemplary multilayer capacitor
embodiment in accordance with the present subject mat-
ter. Portion 62 of multilayer component 60 preferably
comprises the exemplary interdigitated electrode layer
and anchor tab configuration of Figure 2A embedded
within a portion of dielectric material. Solid lines 56 along
the periphery of portion 62 are intended to represent ex-
posed portions of the electrode tabs 56 of Figure 2A, and
dashed lines 58 along the periphery of portion 62 repre-
sent exposed anchor tabs 58. Additional anchor tabs (not
illustrated in Figure 2A) may be embedded within dielec-
tric cover layers 64 and 66 (exposed portions of which
are represented by dashed lines 68) to further provide
an arrangement of exposed metallization for facilitating
the formation of self-determining plated terminations in
accordance with the present subject matter. Internal an-
chor tabs are preferably aligned in a generally similar
column as a stack of internal electrode tabs such that all
internal tabs are arranged in common stacks. It was pre-
viously mentioned that the distance between adjacent
electrode tabs in a column of tabs should preferably be
no greater than about ten microns to ensure proper plat-
ing. It should be appreciated that this distance should
generally reflect the distance between exposed conduc-
tive portions including exposed electrode tabs and an-
chor tabs, when such structures are utilized. Although it
may be recommended that some exemplary embodi-
ments of the present technology have a distance be-
tween adjacent exposed conductive portions in a given
column of no greater than about ten microns, such dis-
tance may be less than about eight microns in some em-
bodiments.

[0060] For some component applications, it may be
preferred that terminations not only extend along the en-
tire width of a component, but also wrap around to the
top and/or bottom layers. In this case, external anchor
tabs, or lands, 70 may be positioned on top and bottom
layers of multilayer IDC 60 such that plated terminations
can form along the sides and on portions of the top and
bottom layers, forming extended solder lands. For exam-
ple, the provision of embedded internal anchor tabs 58
and 68 and external anchor tabs 70 along with existing
exposed electrode tabs 56 in IDC 60, such as depicted
in Figure 2B, would facilitate the formation of wrap-
around plated terminations 72, such as in Figure 8A.
[0061] Additional insight into the selective use of an-
chor tabs in accordance with the presently disclosed
technology is depicted in Figures 18 and 19A-19D, re-
spectively. Figures 19A, 19B, 19C and 19D each illus-
trate respective exemplary cross-sections of the multi-
layer capacitor illustrated in Figure 18 when taken along
the planes represented by lines B and C. Figure 19A
illustrates an exemplary multilayer device where anchor
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tabs 192 are embedded in the cover layers such that
terminations can be formed that extend along the entire
height of a device. It is advantageous in certain embod-
iments to extend the termination to the top and/or bottom
surface of the device such that when the device is sub-
jected to process(es) for creating generally rounded edg-
es, land-less terminations can be applied that still facili-
tate effective solder wetting to a printed circuit board or
other mounting substrate. In some exemplary embodi-
ments, anchor tabs 192 may be embedded at distances
within two mils (more specifically, within about 1.0-1.5
mils) from top and/or bottom device surfaces. In still fur-
ther embodiments, multilayer devices may have relative-
ly thin cover layers (e.g., less than about two mils), which
serves to lower the equivalent series inductance (ESL)
of a device.

[0062] ReferringnowtoFigure 19B,itmaybedesirable
in some embodiments of the present subject matter to
provide internal anchor tabs in the active layers (depicted
as anchor tabs 194) as well as the cover layers (depicted
as anchor tabs 192). In such case, anchor tabs 194, de-
signed as additional nucleation points for a termination
of one polarity, may be printed in the same plane as the
electrode layers of the opposite polarity. In still further
embodiments, anchor tabs may also be used in between
active layers when there is greater spacing between such
layers, such as in generally lower capacitance or higher
voltage rated devices. Suchinternal anchortabs between
active layers in Figure 19C are depicted as anchor tabs
196. Since itis possible to provide anchor tabs anywhere
desirable within an electronic device to provide nuclea-
tion points along a device periphery, overall device size
or capacitance should not limit the use and application
of plated terminations in accordance with the presently
disclosed technology.

[0063] Another option for extending nucleation points
into the cover layers of a multilayer capacitor is repre-
sented in Figure 19D. Instead of utilizing only anchor tabs
192 in the cover layers, common electrode layers 198
may be provided in the cover layers with or without ad-
ditional anchor tabs 192. In such embodiment, the active
electrode layers 200 of the device comprise multiple pairs
of opposing first and second electrode layers. One of the
cover layers may then include common electrode layers
formed in the same or similar fashion as the first electrode
layer, while the other cover layer includes common elec-
trode layers similar to the second electrode layers. Each
layer could include anchor tabs as illustrated in Figure
19D but anchor tabs may not be required in embodiments
where the spacing between electrode layers is sufficient-
ly small. An advantage to using common electrode layers
in the cover layers as opposed to only anchor tabs may
be realized by the common electrode layers providing
additional mechanical support and uniformity in the cover
layers.

[0064] There are several different techniques that can
potentially be used to form plated terminations, such as
terminations 72 on multilayer component embodiment
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74 of Figure 8A. As previously addressed, a first method
corresponds to electroplating or electrochemical deposi-
tion, wherein an electronic component with exposed con-
ductive portions is exposed to a plating solution such as
electrolytic nickel or electrolytic tin characterized by an
electrical bias. The component itself is then biased to a
polarity opposite that of the plating solution, and conduc-
tive elements in the plating solution are attracted to the
exposed metallization of the component.

[0065] Inaccordance with a more particular exemplary
method of electroplating a thin-film metal to form termi-
nation structures or other plated structures on the periph-
ery of electronic components, an initial cleaning step may
be implemented before the electroplating step. Such a
cleaning step is employed to remove any oxide buildup
that forms on the exposed portions of internal electrodes
or anchor tabs. This cleaning step may be particularly
helpful to assist in removing any buildup of nickel oxide
when the internal electrodes and/or anchor tabs or other
conductive elements are formed of nickel. Component
cleaning may be effected by full immersion of electronic
component(s) in a preclean bath, such as one including
an acid cleaner with no media. In one exemplary embod-
iment, components are exposed to such a preclean bath
for a predetermined time, such as on the order of about
10 minutes. Component cleaning may alternatively be
effected by chemical polishing or harperizing steps as
later described in more detail. It should be appreciated
that the cleaning step and other subsequent plating steps
described herein can occur as a bulk process, such as
a barrel plating, fluidized bed plating and/or flow-through
plating termination processes, all of which are generally
known to one of ordinary skill in the art. Such bulk proc-
esses enable multiple components to be processed at
once, providing an efficient and expeditious termination
process. This is a particular advantage relative to con-
ventional termination methods, such as the printing of
thick-film terminations, that require individual component
processing.

[0066] With further reference to an exemplary electro-
plating method, the above cleaning step may be followed
by the direct electroplating process. As briefly described
above, one or more electronic components with exposed
conductive portions is fullyimmersed in a plating solution
characterized by an electrical bias. The component itself
is then biased to a polarity opposite that of the plating
solution, and conductive elements in the plating solution
are attracted to the exposed metallization of the compo-
nent. When the exposed portions of internal conductive
elements are arranged in groups, termination structures
are developed by controlled bridging of the plating ma-
terial among each respective group of exposed conduc-
tive portions. In one exemplary embodiment, an electro-
lytic plating solution such as a copper (Cu) acid bath, or
other suitable copper bath solution, with organic additives
and media is utilized for direct electroplating of thin-film
Cu to the periphery of one or more electronic compo-
nents. In another exemplary embodiment, a Nickel Sul-
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famate bath solution, or other nickel bath solution, is used
for direct electroplating of thin-film nickel (Ni) to respec-
tive component peripheries. Nickel Sulfamate baths may
be provided with with appropriate media. Preselected pH
levels for such bath solutions may be controlled in a fixed
process window or by other means known to those of
ordinary skillinthe art. These electrolytic plating solutions
are subjected typically to a high current density range,
for example, ten to fifteen amp/ft2 (rated at 9.4 volts). In
one particular exemplary embodiment, a plurality of elec-
tronic components are barrel plated in a 2.5x4 inch barrel
at 16 rpm for about 60 minutes.

[0067] With still further reference to an exemplary elec-
troplating method, an additional annealing step as pre-
viously described may also be optionally employed. In
some embodiments when copper is directly electroplat-
ed, such annealing step may not be necessary thus elim-
inating process cost. Process cost may also be reduced
when nickel is directly electroplated, eliminating an initial
copper layer utilized in some multilayer termination struc-
tures.

[0068] A second plating technique involves full immer-
sion of electronic components in a plating solution with
no polar biasing. Such technique is referred to as elec-
troless plating, and can be employed in conjunction with
electroless plating solutions such as nickel or copper ion-
ic solution. In accordance with electroless plating tech-
niques, also referred to in some applications as immer-
sion plating, preliminary steps may sometimes be utilized
before immersing an electronic component in a given
electroless plating solution. After an electronic compo-
nent is formed with exposed metallic electrode and/or
anchor tab portions, a chemical polishing step may be
effected to aid exposure of the metallic portions. For ex-
ample, when electrode and/or anchor tab portions are
made of Nickel, chemical polishing can help to chemically
remove any buildup of Nickel Oxide (NiO) on the periph-
ery of the yet unterminated component.

[0069] A still further example of a preliminary step that
may be utilized in accordance with presently disclosed
electroless plating techniques is a step to activate the
exposed metallic portions of the device to facilitate de-
positing of the electrolessly plated materials. Activation
can be achieved by immersion of the electronic compo-
nent in Palladium salts, photo patterned Palladium orga-
nometallic precursors (via mask or laser), screen printed
or ink-jet deposited Palladium compounds or electro-
phoretic Palladium deposition. It should be appreciated
that Palladium-based activation is presently disclosed
merely as an example of activation solutions that often
work well with activation for exposed electrode and/or
tab portions formed of Nickel or Nickel-based alloys. In
other embodiments, alternative activation solutions may
be utilized. In still further embodiments, a Palladium (Pd)
dopant may be introduced into the Nickel ink that forms
the capacitor electrodes and/or anchor tabs to eliminate
the Pd activation step for electroless Cu deposition. It
should be further appreciated that some of the above
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activation methods, such as organometallic precursors,
also lend themselves to co-deposition of glass formers
for increased adhesion to the generally ceramic body of
an electronic component. When activation steps are tak-
en as described above, traces of the activator material
(represented by portions 202 in Figure 26A) often remain
at the exposed conductive portions before and after ter-
mination plating.

[0070] In accordance with electrolytic plating (electro-
chemical deposition) and electroless plating techniques,
a component such as IDC 74 of Figure 8A, is preferably
submersed in an appropriate plating solution for a par-
ticular amount of time. With certain embodiments of the
present subject matter, no longer than fifteen minutes is
required for enough plating material to deposit at ex-
posed conductive locations along a component such that
buildup is enough to spread the plating material in a per-
pendicular direction to the exposed conductive locations
and create a bridged connection among selected adja-
centexposed conductive portions. In some embodiments
of the present technology, completely bridged termina-
tions may not be formed when plating an initial material,
but only after subsequent plating steps. For example,
referring to Figure 25, a first plating step may result in
the formation of unconnected "bump"-like portions 204
of plating material. A completely bridged termination is
then achieved upon plating a second portion 206 of ma-
terial over the initial unconnected portions 204. It should
be further noted with respect to Figure 25 that the initial
build-up of electroless plating portions 204 underneath
final plated layer 206 may result in a generally "wavy"
appearance at the termination periphery. This visual as-
pect may be evident even when initial plated portions 204
are formed in a connected bridge, and with or without the
provision of subsequent plated layers.

[0071] Another technique that may be utilized in ac-
cordance with the formation of the subject plated termi-
nations involves magnetic attraction of plating material.
For instance, nickel particles suspended in a bath solu-
tion can be attracted to similarly conductive exposed
electrode tabs and anchor tabs of a multilayer component
by taking advantage of the magnetic properties of nickel.
Other materials with similar magnetic properties may be
employed in the formation of plated terminations, or other
materials can be coated over the magnetic cores.
[0072] A still further technique regarding the applica-
tion of plated termination material to exposed electrode
tabs and/or anchor tabs of a multilayer component in-
volves the principles of electrophoretics or electrostatics.
In accordance with such exemplary technology, a bath
solution contains electrostatically charged particles. An
IDC or other multilayer component with exposed conduc-
tive portions may then be biased with an opposite charge
and subjected to the bath solution such that the charged
particles are deposited at select locations on the compo-
nent. This technique is particularly useful in the applica-
tion of glass and other semiconductive or nonconductive
materials. Once such materials are deposited, it is pos-
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sible to thereafter convert the deposited materials to con-
ductive materials by intermediate application of sufficient
heat to the component.

[0073] Arelated advantage of most of the methods dis-
closed herein for forming plated terminations is that mul-
tiple electronic components can be terminated in a bulk
process, such as a barrel plating, fluidized bed plating
and/or flow-through plating termination processes, all of
which are generally known to one of ordinary skill in the
art. Such aspect facilitates more convenient and expe-
dient component termination since device manufacture
no longer requires the selective application of termina-
tions via precisely configured termination machines.
[0074] Itshould also be appreciated that as these elec-
tronic parts get ever smaller, the practical matter of being
able to physically hold them while applying the thick film
termination to each end becomes less practicable.

[0075] Further, this thin film approach provides less
dimensional variability, permitting easier automatic han-
dling.

[0076] One particular methodology for forming plated

terminations in accordance with the disclosed technology
relates to a combination of the above-referenced plating
application techniques. A multilayer component may first
be submersed in an electroless plating solution, such as
copper ionic solution, to deposit an initial layer of copper
over exposed tab portions, and provide a larger contact
area. The plating technique may then be switched to an
electrochemical plating system which allows for a faster
buildup of copper on the selected portions of such com-
ponent.

[0077] In still further exemplary methods, the initial
component submersion in an electroless plating solution
may effect the formation of initial unconnected portions
204 such as illustrated in Figure 25. Electrochemical plat-
ing or electrolytic plating may then be employed to form
asubsequentbridged portion 206 of termination material.
When the initial portions 204 are formed of Copper, the
bridged portion 206 may correspond to additional buildup
of Copper in some exemplary embodiments or to elec-
troplated deposition of a different material, such as nickel
(Ni), gold (Au), silver (Ag), nickel-phosphorus (NiP), or
other suitable alloys in other exemplary embodiments.
[0078] In accordance with the different available tech-
niques for plating material to exposed conductive ele-
ments of a multilayer component in accordance with the
present technology, different types of materials may be
used to create the plated terminations and form electrical
connections to internal features of an electrical compo-
nent. For instance, metallic conductors such as nickel,
copper, tin, etc. may be utilized as well as suitable resis-
tive conductors or semi-conductive materials, and/or
combinations of selected of these different types of ma-
terials.

[0079] A particular example of plated terminations in
accordance with the present subject matter wherein plat-
ed terminations comprise a plurality of different materials
is discussed with reference to Figure 8B. Figure 8B pro-
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vides a cross-sectional view of component 74 of Figure
8A taken along planar section line A-A in accordance
with a particular exemplary embodiment of plated termi-
nations 72. It should be appreciated that terminations 72
may comprise only a first plating layer and no additional
layers as presented in this example. Due to such potential
for variation in the number of plating layers in the multi-
layer component and termination embodiments of Fig-
ures 8A and 8B, the two respective embodiments are
labeled as 74 and 74’ respectively, and such reference
is notintended to insinuate additional variations between
the two respective embodiments.

[0080] A first step in the formation of the terminations
illustrated in Figure 8B involves submersing a component
in an electrolytic or electroless plating solution such that
a layer of copper 76 or other metal is deposited along
the periphery of component 74’ where portions of internal
anchor tabs 58 and 68, exposed internal electrode tabs
extending from electrode layers 52 and 54, and external
anchor tabs 70 are exposed. The tab area covered with
metallic plating 76 and entire surface of component 74’
can then be covered with a resistor-polymeric material
78 for sealing. The tab area can then be polished to se-
lectively remove resistive polymeric material and then
plated again with metallic copper or other material 80. In
other exemplary embodiments, termination layer 78 may
correspond to a solder barrier layer, for example a Ni-
solder barrier layer. In some embodiments, layer 78 may
be formed by electroplating an additional layer of nickel
on top of an initial electrolessly or electrolytically plated
layer 76 (e.g., plated copper). Other exemplary materials
for layer 78 include nickel-phosphorus, gold, and silver.
A third exemplary termination layer 80 may in some em-
bodiments correspond to a conductive layer, such as
plated Ni, Ni/Cr, Ag, Pd, Sn, Pb/Sn or other suitable plat-
ed solder.

[0081] A still further plating alternative corresponds to
forming a layer of metallic plating, and then electroplating
aresistive alloy or a higher resistance metal alloy coating,
for example, electroless Ni-P alloy over such metallic
plating. In accordance with present subject matter, it is
presently possible to include any metal coating except
the first coating as electroless or electrolytic plating, as
those of ordinary skill in the art will understand from the
complete disclosure herewith. Yet another embodiment
includes an initial electrolytically plated layer of thin-film
nickel, followed by plated layers of tin (Sn) or gold (Au).
In some embodiments, a copper (Cu) layer may first be
electrolytically plated before the nickel layer. Selection
of plating materials for forming termination structures in
accordance with aspects of the present subject matter
may be determined in part by whether the electronic com-
ponents will be soldered or wirebonded in their respective
circuit applications.

[0082] Plating layers can be provided alone or in com-
bination to provide a variety of different plated termination
configurations. A fundamental of such plated termina-
tions is that the self-determining plating is configured by



27

the design and positioning of exposed conductive por-
tions along the periphery of a component. It should be
appreciated that the aforementioned plated terminations
having multiple layers are not limited to utilization with
the embodiments illustrated in Figures 8A and 8B, and
may be practiced in accordance with all illustrated, dis-
closed and otherwise obvious electronic component var-
iations.

[0083] Such particular orientation of internal electrode
portions and anchor tabs may be provided in a variety of
different configurations to facilitate the formation of plated
terminations in accordance with the present subject mat-
ter. For instance, consider the exemplary internal con-
ductive configuration of Figure 3B with electrode layers
26 and 28. Electrode tabs 30 and internal anchor tabs
82 may be provided in a body of dielectric material to
create a multilayer component similar to that of Figure
4A. Additional internal anchor tabs 84 and external an-
chor tabs 86 may also be provided. One of the prescribed
plating techniques may then be utilized to form plated
terminations on multilayer component 88 along the ex-
posed areas of metallization.

[0084] Yetanother exemplary multilayer componentin
accordance with aspects of the present subject matter is
represented as component 90 in Figure 4B. Internal elec-
trode layers are provided with electrode tabs that extend
to four sides of component 90. Additional internal anchor
tabs 94 may be interleaved with exposed electrode tabs
92. Still further internal anchor tabs 96 may be embedded
within cover layers of component 90 to provide for ex-
panded plated terminations. The provision of external an-
chor tabs 98 could facilitate the formation of wrap-around
plated terminations to top and/or bottom sides of the com-
ponent. Such external anchor tabs 98 may be printed
directly into the ceramic plate or tape forming the topmost
substrate layer to form an "embedded" layer that is com-
pletely flush with the topmost substrate layer. By embed-
ding such portions of the electronic component, termina-
tions may be less susceptible to partial breakage or in-
advertent removal and a more aesthetically designed
overall component may also be effected.

[0085] Examples of different peripheral termination
shapes, such as effected by selective arrangement of
external anchor tabs, are now presented with reference
to Figures 10A, 10B, 11A, 11B, 12A and 12C. Referring
more particularly to Figure 10A, a multilayer electronic
component 150 has multiple pairs of opposing electrodes
embodied by respective first electrodes 152 and respec-
tive second electrodes 154. Each electrode layer is
formed on a respective ceramic layer, on which at least
one anchor tab 156 may also be provided. Additional
anchor tabs 158 may also be provided in dielectric cover
layers without electrode elements, such that exposed
conductive regions are provided along the general en-
tirety of either side of multilayer component 150. By pro-
viding the exposed conductive anchor tabs 158 into the
cover layers and approaching selected respective cor-
ners 157 ofthe component 150, the formation of generally
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"l-shaped" terminations 159a and 159b, such as depicted
in Figure 10B is facilitated. Such "I-shaped" terminations
provide a land-less termination that still enables good
solder wetting to a printed circuit board or other mounting
surface, since the terminations preferably extend com-
pletely to the top and/or bottom surfaces of component
150.

[0086] Referring now to Figures 11A and 11B, a mul-
tilayer electronic component 160 has multiple pairs of
opposing electrodes embodied by respective first elec-
trodes 162 and respective second electrodes 164. Each
electrode layer is formed on a respective ceramic layer,
on which at least one anchor tab 166 may also be pro-
vided. Additional anchor tabs 168 may also be provided
in dielectric cover layers without electrode elements,
such that exposed conductive regions are provided along
the general entirety of either side of multilayer component
160. External anchor tabs 165 are also preferably pro-
vided on a selected one of the top and bottom sides of
component 160 such that resultant "J-shaped" termina-
tions 169a and 169b are formed in accordance with the
subject plating technology. Such "J-shaped" termina-
tions provide lands for mounting the electronic compo-
nent to a printed circuit board or other mounting surface,
and since the lands are only on a selected side of com-
ponent 108, a predetermined component mounting ori-
entation is provided.

[0087] The absence of conductive portions on the top
surface is sometimes desirable, for example, when the
surface may come in contact with a heat shield or RF
shield, which could cause a short circuit.

[0088] It should be appreciated in accordance with the
above description of Figures 11A and 11B, that short-
hand characterization of terminations 169a and 169b as
generally "J-shaped" should be considered from a gen-
erally broad descriptive perspective, and should not be
considered limiting to embodiments of the present tech-
nology. For example, a "J-shaped" termination can be
interpreted in different embodiments to describe termi-
nations formed as either an upper-case "J" or a lower-
case "j". A "J"-shaped termination when considered in a
lower case "j" embodiment may be regarded as similar
to a reversed perspective of an "L" shaped structure,
each including two generally perpendicular extended
portions. When provided as a termination in the context
of certain embodiments of the present subject matter,
such a termination may extend along a given peripheral
surface while wrapping around to one selected surface
adjacent to the given peripheral surface. An upper case
"J"-shaped termination may be similar to a lower case
"j"-shaped termination in that it includes two generally
perpendicular portions, but may further include a portion
corresponding to the small crossbar at the top of an upper
case "J". When provided as a termination in the context
of certain embodiments of the present subject matter,
such a termination may have a main portion extending
along a given peripheral surface while including lands
wrapping around to opposing surfaces adjacent to the
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given peripheral surface, with one land generally longer
than the other land. The longer land may be represent-
ative of the bottom base portion of a capital "J", while the
shorter land may be representative of the upper crossbar
portion.

[0089] Referring now to Figures 12A and 12B, a mul-
tilayer electronic component 170 has multiple pairs of
opposing electrodes embodied by respective first elec-
trodes 172 and respective second electrodes 174. Each
electrode layer is formed on a respective ceramic layer,
on which at least one anchor tab 176 may also be pro-
vided. Additional anchor tabs 178 may also be provided
in dielectric cover layers without electrode elements,
such that exposed conductive regions are provided along
the general entirety of either side of multilayer component
170. External anchor tabs 175 are also preferably pro-
vided on both top and bottom sides of component 170
such that resultant "U-shaped" terminations 179a and
179b are formed in accordance with the subject plating
technology. Such "U-shaped" terminations provide lands
for mounting either side of electronic component 170 to
a printed circuit board or other mounting surface.
[0090] With regard to Figures 10B, 11B and 12B, it
should be appreciated that the respective terminations
159a, 159b, 169a, 169b, 179a and 179b may be selec-
tively formed as single layer terminations or as multilayer
terminations. For example, each peripheral termination
in Figures 10B, 118 and 12B may correspond to a single
layer of plated copper or nickel. Alternatively, such ter-
minations may be formed to have an initial layer of plated
copper followed by respective plated solder barrier and
solder layers, for example nickel and then tin. In accord-
ance with multilayered terminations, selected of the lay-
ers could be formed of a resistive or a semiconductive
material.

[0091] A still further application of the presently dis-
closed technology relates to more general multilayer
component configurations, such as depicted in Figures
15A, 15B and 15C. Electrode layer 162 of Figure 15A
and electrode layer 164 of Figure 15B are provided in
respective generally rectangular configurations such that
when interleaved with dielectric layers to form a multilay-
erdevice such as depictedin Figure 15C, such electrodes
162 and 164 extend to alternating ends 166 and 168 of
the multilayer device 170. Anchor tab portions 172 may
also be provided within the respective electrode layer
planestoincrease the density of exposed conductive por-
tions along the ends 166 and 168 of device 170 and to
facilitate the formation of plated terminations thereto. Ex-
ternal anchor tabs, or lands, 174 may also be provided
on top and/or bottom surfaces of device 170 and in align-
ment with the exposed internal electrode and anchor tab
portions to facilitate selected formation of wrap-around
terminations to one or more top/bottom surfaces. After
subjecting the device 170 to one or more of the plating
techniques described herein, the formation of plated ter-
minations in accordance with the present subject matter
may be effected. It should be appreciated that additional
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embodiments of the present subject matter may incor-
porate similar electrode configurations as illustrated in
Figures 15A and 15B, where electrode plates 162 and
164 are generally square-shaped instead of rectangular.
[0092] Yetanother exemplary multilayer configuration
for use in accordance with embodiments of the present
subject matter is illustrated in Figures 6A, 6B, 6C, 6D,
6E, 6F and 6G. Electrode layer 100 of Figure 6A and
electrode layer 102 of Figure 6B are provided in respec-
tive T-shaped configurations such that electrode tab por-
tions 104b extend from electrode layer 100 and electrode
tab portions 104a extend from electrode layer 102. When
electrode layers 100 and 102 are interleaved with dielec-
tric layers to form a multilayer electronic device, such as
shown in Figure 6C, each electrode tab portion 104a and
104b is exposed on two adjacent sides of the device 108.
More particularly, the base portion defined between re-
spective tabs 104b and the base portion defined between
respective tabs 104a are both exposed along an entire
side of device 108 as well as to portions of two respective
surfaces adjacent to the given side surface. Anchor tab
portions 106a and 106b may also be provided within the
electrode layer planes such that exposed conductive por-
tions are aligned along the opposing peripheral sides of
device 108, to facilitate formation of plated electrodes
thereon. After subjecting device 108 to one of the plating
techniques described herein, the formation of corner ter-
minations would be effected. It should be appreciated
that provision of such terminations around selected cor-
ners of a multilayer electronic component was often dif-
ficult to achieve with prior art termination processes. It
should be further appreciated by one of ordinary skill in
the art that corner-terminated designs can be achieved
not only in device 108, butin many other specifically con-
figured devices, and it should further be appreciated that,
analogous to the anchor tab discussion above, the corner
wrap can be provided on only one corner, when that is
desirable, as when an orientation feature may be needed.
[0093] A further advantage of the exemplary configu-
ration illustrated in Figures 6C may be realized when
many more dielectric and electrode layers are stacked
toform an assembly 109 as depicted in Figure 6D. Similar
to Figure 6C, a plurality of first electrodes 104a (and op-
tionally including additional anchor portions 106a) are
exposed in a column along one side of the device 109
while a plurality of second electrodes 104b (and option-
ally additional anchor portions 106b) are exposed along
the side of device 109 opposing the side at which first
electrodes 104a are exposed. Each electrode portion
104a and 104b (and any corresponding optional anchor
portions 106a and/or 106b) may actually be exposed
along an entire side of device 109 and onto two adjacent
side surfaces. This unique stacked assembly 109 may
then be terminated in accordance with the disclosed plat-
ing technology to form two terminations 111a and 111b
as illustrated in Figure 6E. The assembly 109 depicted
in Figure 6D is flipped to its side as depicted in Figure
6E to be configured for mounting to a substrate. The
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unique corner terminations 111a and 111b effected in
such assembly enable both side surface 113 and the
surface opposing side surface 113 to be equally capable
of mounting to a surface, thus providing component ori-
entation and mounting versatility.

[0094] Referring now to Figures 6F and 6G, it should
be appreciated that the exemplary electrodes and corner
terminations illustrated and discussed with reference to
Figures 6A-6E are not limited to one termination 111a of
a first polarity and one termination 111b of a second po-
larity. As illustrated in Figure 6F, such electrodes 104a
and 104b may be selectively interleaved with dielectric
layers (with or without additional anchor tab portions
106a and 106b) to form distinct columns of exposed con-
ductive portions. In accordance with the "self-determin-
ing" plating technology of the present subject matter,
such distinct exposed areas may result in the formation
of multiple first terminations 111a and 111a’ and multiple
second terminations 111b and 111b’. It should be appre-
ciated that many more than two or four terminations per
assembly (as illustrated herein) may be effected.
[0095] Yet another example of a corner-terminated
multilayer electronic device is illustrated in Figures 16A-
16D, respectively. Electrode layer 150 of Figure 16A and
electrode layer 152 of Figure 16B are provided in respec-
tive configurations such that generally rectangular tab
portions 154 are provided at opposing corners of respec-
tive generally rectangular base portions 155. When elec-
trode layers 150 and 152 are interleaved with dielectric
layers to form a multilayer device 156, such as shown in
Figure 16C, respective corner tab portions 154 of the set
of electrode layers 150 (depicted in Figure 16C by solid
lines) are exposed for termination at opposite corners of
the device 156 while the respective corner tab portions
of the set of electrode layers 152 (depicted in Figure 16C
by dashed lines) are exposed at the other two corners.
When such a device 156 of Figure 6C is subjected to the
plating technology disclosed herein, a plurality of termi-
nations 161a, 161b, 163a and 163b are formed at the
periphery of such device asillustrated in Figure 16D. Flip-
ping the terminated device on its side for mounting allows
all electrodes to be accessed from any of the four gen-
erally larger side surfaces 158 of device 156, allowing
any of such four side surfaces 158 to be mounted to a
substrate. It should be appreciated that each corner ter-
mination 161a, 161b, 163a and 163b need not be one
continuous termination as illustrated in Figure 16D. Al-
ternatively, selective arrangements of internal electrodes
150 and 152 may result in one or more columns per cor-
ner such as represented by the embodiment of Figures
6F and 6G.

[0096] The electrode and corresponding capacitor de-
sign of Figures 16A-16D allows for much greater freedom
of orientation in surface mount devices, which may be of
particular advantage in some exemplary embodiments
of the present subject matter since reduced component
size sometimes increases potential difficulty in achieving
proper device orientation for testing, tape/reel and pick/
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place applications, and actual device mounting. These
advantages may be realized for generally rectangular de-
vices, but greater orientation insensitivity may be
achieved when the cross section of device 156 (as de-
fined by top and bottom surfaces 160) are defined by a
generally square shape. As mentioned above with regard
to the corner terminations of Figures 6A-6C, it should be
appreciated that utilization of plated terminations with the
exemplary embodiment of Figures 16A-16D provides ad-
ditional advantage since provision of corner terminations
with previous printing technologies was often difficult, es-
pecially in smaller components. Although not illustrated
in the embodiments of Figures 16A-16D, it should be
appreciated that the illustrated electrode configuration
may be supplemented by anchor tab portions (such as
generally "L"-shaped or triangular corner tabs) in the ac-
tive and/or cover layers and/or serving as external lands
of the device to provide additional nucleation points for
forming plated terminations in accordance with the dis-
closed technology.

[0097] Yet another example of a multilayer electronic
component with which the presently disclosed technolo-
gy may be utilized is depicted in Figures 13A, 13B and
13C. Electrode layer 130 of Figure 13A and electrode
layer 132 of Figure 13B are provided in respective J-
shaped configurations such that electrode tab portions
134 extend from the respective electrode layers. When
electrode layers 130 and 132 are interleaved with dielec-
tric layers and stacked to form a multilayer ceramic de-
vice, such as shown in Figure 13C, each electrode tab
portion 134 (represented by an respective solid line) is
exposed at selected locations along the top side of the
device 138. Anchor tab portions 136 may also be provid-
ed within the electrode layer planes and/or within dielec-
tric cover layers such that additional exposed conductive
portions (as depicted by the respective dashed lines in
Figure 13C) may facilitate formation of plated electrodes
thereon. Components that utilize "J-shaped" electrodes
as depicted in Figures 13A-13C have the advantage in
certain applications of having inherently predetermined
component orientation, since terminations are formed
only on one side of the component.

[0098] A slight variation to the "J-shaped" electrodes
illustrated in Figures 13A-13C, respectively, corresponds
to the "T-shaped" electrodes embodied in Figures 14A,
14B and 14C. Electrode layer 140 of Figure 14A and
electrode layer 142 of Figure 14B are provided in respec-
tive T-shaped configurations such that electrode tab por-
tions 144 extend from the respective electrode layers.
When electrode layers 130 and 132 are interleaved with
dielectric layers and stacked to form a multilayer ceramic
device, such as shown in Figure 14C, each electrode tab
portion 144 (represented by an respective solid line) is
exposed at selected locations along both top and bottom
sides of the device 148. Anchor tab portions 146 may
also be provided within the electrode layer planes and/or
within dielectric cover layers such that additional exposed
conductive portions (as depicted by the respective
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dashed lines in Figure 14C) may facilitate formation of
plated electrodes thereon.

[0099] Astill further exemplary device configuration for
use with the subject plated termination technology is de-
picted in Figures 17A, 17B and 17C. Multiple electrode
layers 176 such as depicted in Figure 17A and electrode
layers 178 such as depicted in Figure 17B are interleaved
with a plurality of dielectric layers to form a multilayer
device 180 such as depicted in Figure 17C. Each respec-
tive electrode layer 176 and 178 has a plurality of elec-
trode tabs extending therefrom which are exposed at se-
lected locations along the generally longer sides 184 of
device 180. The extended portions 177 of each electrode
layer 176 are exposed in an aligned column at side 186
of device 180 while the extended portions 179 of each
electrode layer 178 are exposed in an aligned column at
side 188 of the device. It should be appreciated that al-
though not illustrated in Figures 17A-17C, anchor tabs
may supplement the electrode layers 176 and 178 in the
active and/or cover layers and/or serving as external
lands of the device to provide additional nucleation points
for forming plated terminations in accordance with the
disclosed technology.

[0100] There are a relatively high number of exposed
conductive portions in the multilayer device embodiment
of Figure 17C. Electroless plating techniques and others
as previously described herein may be utilized to form
plated terminations at the exposed conductive portions,
but it may be difficultin some embodiments to utilize only
electroplating or electrochemical deposition techniques
when the intended number of terminations is high and/or
termination pitch and/or termination size is relatively
small. Referring to the device of Figure 17C, electroplat-
ing techniques require that each exposed conductive por-
tion (portions 180 and 182 as well as the exposed ends
177 and 179 of electrode layers 176 and 178) must be
electrically biased for the electrolytic plating solution to
be attracted to and deposited at the exposed conductive
portions. If only some of the conductive portions are bi-
ased, termination formation may not bridge across all
exposed portions in one or more aligned columns. In or-
der to make electroplating a more viable option for the
device 180 of Figure 17C, printed end terminations 190
may be applied to the extended respective end portions
177 and 179 of electrode layers 176 and 178 at the device
sides 186 and 188. Printed end terminations 190 would
form two collective electrical connections for the respec-
tive electrode layers of opposing polarities. Such termi-
nations may correspond to the relatively thick-film stripes
conventionally applied to terminate electronic devices
and may wrap around to one or more selected sides of
the device if desired. The device 170 with printed termi-
nations 190 may then be subjected to an electroplating
solution, and as long as the terminations 190 are biased,
then each exposed conductive portion 180 and 182 will
also be energized such that plating material will be de-
posited thereon. This method can serve to greatly reduce
the possibility of plated terminations not forming at one
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or more exposed conductive portion 180 and 182 during
electroplating techniques.

[0101] Another example embodying aspects of the dis-
closed technology is presented with respect to Figures
9A and 9B. Figure 9A represents an integrated passive
component 110, comprising a combination of passive
components provided in a single monolithic structure. In-
tegrated component 110 may include a selected combi-
nation of resistors, varistors, capacitors, inductors, cou-
plers, baluns, and/or other passive components. Each
distinct passive component is typically characterized by
at least one conductive electrode-like portion from which
at least one electrode tab portion 112 extends and is
exposed along the periphery of component 110.

[0102] Anintegrated passive component 110, such as
that represented by Figure 9A, may have a plurality of
different internal electrode arrangements as shown. Cor-
responding electrode tabs 112 may be provided in sym-
metrical or nonsymmetrical configurations and may be
grouped in a variety of fashions. An important feature is
that exposed electrode tabs 112 may be arranged within
component 110 to facilitate the formation of selective
plated terminations. In addition, internal anchor tabs 114
and/or external anchor tabs 116 may also be provided
with an integrated passive component to create addition-
al selective termination arrangements. For example, con-
sider the exposed tab arrangement of Figure 9A, with
numerous exposed internal electrode tabs 112, internal
anchor tabs 114, and external anchor tabs 116. Subject-
ing such configuration to a plating solution in accordance
with variations of the presently disclosed technology
would preferably effect the formation of a plurality of plat-
ed side terminations 118 and plated wrap-around termi-
nations 120, such as in Figure 9B. Integrated passive
component, or multilayer electronics device, 110’ simply
corresponds to an integrated passive component such
as 110 of Figure 9A with the addition of plated termina-
tions 118 and 120, respectively. Thus, tabs of an inte-
grated passive component can be designed whereby
plated terminations can be formed among different elec-
trodes and different component layers.

[0103] Referring now to Figures 20, 21A-21C and 22,
various additional aspects of the present subject matter
will now be discussed. Figures 21A, 21B and 21C illus-
trate different exemplary cross-sections of multilayer ca-
pacitor 208 taken along the planes defined by lines D-D
and E-E. The cross sections of Figures 21A, 21B and
21C illustrate the generally shorter side of capacitor 208
when delineated by line D-D on which exemplary termi-
nation 210b might be formed and the upper portion de-
fined by line E-E. Although Figures 21A-21C reference
one particular device corner, it should be appreciated
that many multilayer devices are formed in a substantially
symmetrical fashion in one or more dimensions and thus
the illustrated portions may actually be representative of
multiple edges/corners of multilayer device 208. Figures
21A-21C do not illustrate end terminations 210a and
210b depicted in Figure 20, but illustrate the exposed
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conductive portions that could lead to formation of such
terminations in accordance with the subject plated termi-
nation technology.

[0104] Figures21Aand21Biillustrate the effects of cor-
ner rounding on an electronic component. "Corner round-
ing" is yet another step that may be implemented before
actual termination plating in accordance with the present
technology in order to effect general rounding of previ-
ously sharp edges of an electronic component. Such
rounding may promote better termination coverage and
device uniformity among parts, as well as reduce poten-
tial chipping that might come from handling multiple com-
ponents having the sharp edges in bulk. In accordance
with such "corner rounding", a plurality of electronic com-
ponents may be subjected to a predefined level of me-
chanical agitation either while in the green state, usually
with a soft media or none at all, or while in the fired state
with media and/or water. This process when applied to
components in a fired state is sometimes referred to by
those of ordinary skill in the art as "harperizing".

[0105] Arepresentation of such cornerrounding is pre-
sented in a before and after comparison of Figures 21A
and 21B. In the multilayer component portions of Figures
21A and 21B, multiple pairs of opposing first electrode
layers 212 and second electrode layers 214 are inter-
leaved among a plurality of dielectric layers to form the
active region of a capacitor 208. Anchor tabs 217 may
also be provided in such active region to increase the
density of exposed conductive portions along selected
areas of the active region periphery. A cover layer (gen-
erally represented as region 218) may be provided at top
and/or bottom surfaces of the active region of capacitor
208. A cover layer may consist of multiple layers of die-
lectric material (e.g., ceramic sheets) among which an-
chor tabs 220 may be provided. By arranging anchor tabs
in the cover layers such that they are exposed at the
device periphery, similar to the first and/or second elec-
trode layers 212 and 214, plated terminations can be
deposited along the entire height of the capacitor 208.
[0106] Referring to Figure 21B, it should be noted that
a level of mechanical agitation to round the corners of
capacitor 208 can be controlled in order to provide anchor
tabs 220 having predetermined length(s) in the corner
radius portion 222 of the device. Predetermined agitation
variables such as duration and effectiveness may be pre-
determined to achieve different results. For instance,
longer agitation times might result in higher levels of cor-
ner rounding while less agitation could reduce potential
component wear. One portion of multilayer electronic
components that is often more susceptible to mechanical
abrasion associated with a corner rounding process are
external anchor tabs, or lands, 224 which may be pro-
vided on a device to facilitate wrap-around terminations.
For at least this reason, external anchor tabs 224 are
often formed with a greater thickness than internal anchor
tabs. For example, in some embodiments, internal an-
chor tabs such as tabs 217 in the active layers or tabs
220 in the cover layers as well as internal electrodes 212
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and 214 may be characterized by an exemplary thickness
of about two um or less, while external lands 224 may
be characterized by an exemplary thickness of about five
wm or more. In general, the thickness of external lands
224 may be about two times the thickness of internal
electrodes and/or anchor tabs for added robustness
when a resultant electronic component is to be subjected
to mechanical agitation associated with corner rounding
or harperizing.

[0107] One option for reducing the exposure of the
subject components to corner rounding or harperizing
would be to dice the components such that less or no
tumbling is required to achieve generally rounded device
corners. For example, referring to Figures 23A-23C, re-
spectively, it should be appreciated and known by one
of ordinary skill in the art that capacitors in accordance
with the present subject matter are typically manufac-
tured in a bulk process whereby relatively large capacitor
arrays are assembled and then diced to form individual
components. Figure 23A represents an exemplary por-
tion 226 of such a capacitor array that enables one to
see how the internal conductive portions 228 may be
formed that are cut to provide anchor tabs 230 for more
than one multilayer capacitor. Instead of conventional
component dicing which may be effected by a substan-
tially straight line depicted at 232 in Figure 23A, the dicing
could correspond to a "V"-type cut, such as represented
at cut(s) 234 in Figure 23B. A "V"-type cut would serve
to angle the corners of the component such that much
less tumbling or harperizing would be needed to achieve
a capacitor 236 with rounded corners as depicted in Fig-
ure 23C. Furthermore, the external lands 224 may not
need to be quite as thick as otherwise needed to survive
corner rounding.

[0108] Yet another design aspect that may be prac-
ticed in some embodiments of the present technology to
achieve increased mechanical robustness of a device,
which becomes especially desirable when tumbling or
harperizing of a device is effected, corresponds to the
inclusion of certain amounts of ceramic in the material
forming the conductive portions of an electronic device.
For example, in a multilayer ceramic capacitor, the inter-
nal electrode layers and internal and/or external anchor
tabs may each be respectively formed of a certain volume
percentage (vol%) of conductive ink (e.g., nickel (Ni),
Copper (Cu), etc.) and a certain vol% of ceramic. It should
be appreciated that some conductive portions may be
formed with up to 75 vol% ceramic (and a corresponding
counter vol% of conductive ink such that the two percent-
ages combine to 100 vol%). It should be appreciated that
somewhat of a tradeoff exists in the combination of ce-
ramic and conductive ink: higher vol% ceramic helps
achieve increased robustness but to aloss of conductivity
by reduced levels of the conductive ink. In more specific
exemplary embodiments, internal electrodes and/or in-
ternal anchor tabs are formed with conductive ink (e.g.,
Ni ink)) combined with about 20 vol% ceramic (e.g., bar-
ium titanate). Adding ceramic to such conductive portions
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helps control electrode shrinking when a part is fired dur-
ing manufacturing. External anchor tabs (lands) may in-
clude even more vol% ceramic than the internal conduc-
tive portions, such as on the level of about 30 vol% ce-
ramic. As conductive portions of the subject capacitors
are formed with increasing percentages of ceramic ma-
terial, decreased ceramic powder particle size, such as
less than about 1 pm, may facilitate adherence of the
ceramic and conductive materials. Although increasing
the ceramic content generally increases the adhesion of
the printed material, it does reduce the conductivity of
that layer. This is not critical, however, as the subsequent
plating of pure materials will be very conductive again.
[0109] Referring now to Figure 21C, a multilayer de-
vice in accordance with the present subject matter is de-
picted with an exemplary dimensional relationship
among specific components. In the device of Figure 21C,
the length 238 of anchor tabs 220 in the cover layer 218
is less than the length of the end margin 240 between
the device periphery and the electrode layers 214. When
cover layer anchor tab length 238 is the same or longer
than end margin length 240 (such as the instances illus-
trated in Figures 21A and 21B) a potential risk may exist
of the anchor tabs 220 shorting with one or more of the
upper second electrodes 214. This risk is greatly reduced
in the embodiment of Figure 21C. If the anchor tabs 220
or 217 come into contact internally with any of the first
electrodes 212, device functionality will not be effected
since those conductive portions will all be coupled to-
gether anyways upon the formation of external termina-
tions.

[0110] Referring now to Figure 22, another aspect of
corner rounding in multilayer electronic components will
now be presented. Figure 23 generally represents a cor-
ner radius portion 222 of a cover layer portion 218 such
as illustrated in Figure 21B. It is visually illustrated in Fig-
ure 21B that when a device corner is rounded, the dis-
tance between exposed locations of adjacent cover layer
anchor tabs 220 increases towards the top of a device.
In order to maintain a more constant lateral exposure of
anchor tabs (or common active layers or whatever con-
ductive portions may be internally provided near top
and/or bottom surfaces of a multilayer electronic compo-
nent), the density of such anchor tabs 220 may be in-
creased towards the top surface 242 of the device. For
example distances between anchor tabs closer to the top
surface 242 (such as distance 246) are less than distanc-
es (such as distance 244) between anchor tabs further
from the top surface 242.

[0111] Several examples and test results will now be
presented for a plurality of multilayer capacitors termi-
nated with a direct electrolytic plating process in accord-
ance with the presently disclosed technology.

[0112] In afirst example, a lot of 200 components with
part number "NT054015-24" (0306 size) two-terminal
LGA-type multilayer capacitor (AVX Corp.) were subject-
ed to cleaning and direct copper electrolytic plating steps
as previously described. The average thickness of the
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directly electroplated copper portions was about
21+2.88 microns. The average capacitance was meas-
ured to be about 1.022 microFarads, the average dissi-
pation factor (DF) was measured to be about 6.983%,
and the average insulation resistance (IR) was measured
at about 1.48 Gigaohms. One-hundred of the two-hun-
dred components were subjected to an annealing step
(where the components were heated to a temperature of
about six-hundred degrees Celsius) and then to a termi-
nation adhesion peel test to determine the adhesion
strength of the plated terminations, and every component
passed this test. The other one-hundred components
were subjected to a termination adhesion peel test with-
out being annealed, and every component in this group
also passed the peel test. Fifty of the annealed parts and
fifty of the non-annealed parts were then subjected to a
terminated thermal shock dip test, a stress test whereby
the parts are plunged in solder, and no part in either fifty-
part group failed.

[0113] With further reference to this first example, the
lot of two-hundred parts with direct copper electroplating
were then subjected to additional electroplating to form
respective layers of nickel (Ni) and then tin (Sn) over the
initial thin-film copper. After these subsequent plating
steps, each part passed the same termination adhesion
peel test. Termination strength was also measured by a
shear test. Annealed components withstood an average
force of about 11.4 pounds and non-annealed compo-
nents withstood an average force of about 13.2 Ibs. Ten
parts were then subjected to a second annealing step,
which was found to negatively affect the termination in-
tegrity for some components. As such, annealing may
be more helpful in some embodiments, if at all, only after
plating of the initial copper (or other) layer.

[0114] A second example tested a lot of 200 compo-
nents with part number "NT054015-24" (0306 size) two-
terminal LGA-type multilayer capacitor (AVX Corp.).
These components were subjected to cleaning and direct
nickel electrolytic plating steps as previously described.
The average thickness of the directly electroplated nickel
portions was about 13.2+1.9 microns. One-hundred of
the two-hundred components were subjected to an an-
nealing step (where the components were heated to a
temperature of about six-hundred degrees Celsius) and
then to a termination adhesion peel test to determine the
adhesion strength of the plated terminations, and every
component passed this test. The other one-hundred
components were subjected to a termination adhesion
peel test without being annealed, and every component
in this group also passed the peel test. The components
were then subjected to additional electrolytic plating to
form tin (Sn) over the nickel (Ni) portions. The average
thickness of the plated tin portions was about 7.4+1.9
microns. These components were also subjected to ter-
mination adhesion peel test, and all parts passed. In an
electrical check of the components, the average capac-
itance was measured to be about 1.024 microFarads,
the average dissipation factor (DF) was measured to be
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about6.951%, and the average insulation resistance (IR)
was measured at about 1.61 Gigaohms. Termination
strength was also measured by a shear test, and ten
tested components withstood an average force of about
9.97 pounds.

[0115] It should be appreciated that the monolithic
component embodiments illustrated in and discussed
with reference to the present figures are provided merely
as examples of the disclosed technology, including inter-
mediate aspects thereof. In some of the examples, four
or more general columns of electrodes are depicted, but
a fewer or greater number of electrode columns are pos-
sible, depending on the desired component configura-
tion. Furthermore, many different variations of the exem-
plary electrode configurations presented herein may be
implemented, and thus such examples should not be lim-
iting to the type of structures with which the subject plated
termination technology may be employed. It is possible
to form plated terminations along any selected portion of
any selected component side in accordance with the dis-
closed technology.

[0116] It should be appreciated that internal anchor
tabs and external anchor tabs may selectively be used
for different termination preferences to provide different
sizes of side terminations or wrap-around terminations.
IDC embodiments displayed and described herein that
feature both internal and external anchor tabs may, for
instance, only utilize internal anchor tab features when
wrap-around terminations are not preferred for a partic-
ular application. Different combinations, geometries, or
sizes of both internal and external anchor tabs with ex-
isting exposed electrode tabs on a variety of different
multilayer components can yield numerous potential ter-
mination schemes for a device.

[0117] While the present subject matter has been de-
scribed in detail with respect to specific embodiments
thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing may
readily adapt the present technology for alterations to,
variations of, and equivalents to such embodiments. Ac-
cordingly, the scope of the present disclosure is by way
of example rather than by way of limitation, and the sub-
ject disclosure does not preclude inclusion of such mod-
ifications, variations, and/or additions to the present sub-
jectmatter as would be readily apparentto one of ordinary
skill in the art.

Claims
1. A multilayer electronic component, comprising:

a plurality of dielectric layers, each dielectric lay-
er

being delimited laterally by edges;

a plurality of internal electrodes selectively in-
terleaved among said plurality of dielectric lay-
ers, wherein selected portions of said plurality
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ofinternal electrodes extend to and are exposed
in respective groups along at least one edge of
said plurality of dielectric layers, said interleaved
combination of internal electrodes and dielectric
layers forming a monolithic assembly charac-
terized by respective topmost and bottommost
surfaces; and

at least one portion of electrochemical deposit
comprising thin-film plating material formed
along the periphery of said multilayer compo-
nent and connecting exposed portions of said
plurality of electrodes within each respective

group.

The multilayer electronic component of claim 1,
wherein the distance between adjacent exposed
portions of said plurality of internal electrodes within
each respective group is no greater than about ten
microns.

The multilayer electronic component of claim 1, fur-
ther comprising a plurality of internal anchor tabs se-
lectively interleaved among said plurality of dielectric
layers and extending to and exposed along at least
one edge of said plurality of dielectric layers in said
respective groups.

The multilayer electronic component of claim 3,
wherein the distance between adjacent exposed
portions of said plurality of internal electrodes and
said plurality of internal anchor tabs within each re-
spective group is no greater than about ten microns.

The multilayer electronic component of claim 3,
wherein the distance between adjacent groups of
exposed internal electrodes and internal anchor tabs
is at least twice as great as the distance between
exposed internal electrodes and internal anchor tabs
in any given group.

The multilayer electronic component of claim 1,
wherein said at least one portion of electrochemical
deposit comprises one of nickel or copper.

The multilayer electronic component of claim 1,
wherein said at least one portion of electrochemical
deposit comprises one of palladium, tin, gold, silver,
or tin-lead alloys or other alloys.

The multilayer electronic component of claim 1, fur-
ther comprising additional portions of plating mate-
rial formed over said at least one portion of electro-
chemical deposit.

The multilayer electronic component of claim 8,
wherein said at least one portion of electrochemical
deposit comprises nickel and said additional portions
of plating material comprise tin.
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The multilayer electronic component of claim 8,
wherein said at least one portion of electrochemical
deposit comprises copper and said additional por-
tions of plating material comprise a first portion of
nickel and a second portion of tin.

The multilayer electronic component of claim 1,
wherein said plurality of internal electrodes comprise
one of nickel, platinum, silver or a silver-palladium
alloy.

The multilayer electronic component of claim 1,
wherein the exposed portions of said plurality of in-
ternal electrodes and said plurality of internal anchor
tabs are aligned in one or more columns along the
periphery of the multilayer electronic component.

The multilayer electronic component of claim 12,
wherein each exposed internal electrode portion and
exposed internal anchor tab portion in a given col-
umn is exposed along the periphery of said multilayer
electronic component at a distance less than about
eight microns from at least one other of the exposed
internal electrode portions and exposed internal an-
chor tab portions in said given column.

The multilayer electronic component of claim 13,
wherein the distance between selected adjacent in-
ternal electrodes and internal anchor tabs in selected
respective columnar groups is closer towards the
topmost and bottommost surfaces of the monolithic
assembly than at the inner layers of said assembly.

The multilayer electronic component of claim 13, fur-
ther comprising a plurality of external anchor tabs
selectively provided on one or more of the topmost
and bottommost surfaces of the monolithic assem-
bly.

The multilayer electronic component of claim 15,
wherein the exposed portions of said plurality of in-
ternal electrodes, the exposed portions of said plu-
rality of internal anchor tabs and said plurality of ex-
ternal anchor tabs are aligned in one or more col-
umns at selected peripheral portions of the multilayer
electronic component, and wherein a respective por-
tion of said electrochemical deposit is formed along
each of said one or more columns and onto selected
of the topmost and bottommost surfaces of the mon-
olithic assembly where said external anchor tabs are
provided.

The multilayer electronic component of claim 1,
wherein said plurality of internal electrodes comprise
capacitor plates of opposing first and second polar-
ities, and wherein the exposed portions of said plu-
rality of internal electrodes are aligned in atleast one
column including internal electrodes of the first po-
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larity and at least one column including internal elec-
trodes of the second polarity.

The multilayer electronic component of claim 1,
wherein said plurality of internal electrodes are con-
figured ina generally interdigitated configuration with
multiple electrode tab portions extending from one
or more selected sides of selected internal elec-
trodes such that the electrode tab portions are ex-
posed at a predetermined number of aligned col-
umns at peripheral locations on the mulilayer elec-
tronic component.

The multilayer electronic component of claim 18,
wherein said predetermined number of multiple
aligned columns is in a range of four (4) to forty (40).

A method of forming electrolytically plated structures
for electronic components, said method comprising
the following steps:

providing a plurality of electronic components,
each electronic component comprising a plural-
ity of insulating substrate layers selectively in-
terleaved with a plurality of internal conductive
elements, wherein selected portions of the in-
ternal conductive elements are exposed at se-
lected locations along the periphery of the elec-
tronic component;

providing an electrolytic plating solution with an
electrical bias; and

fully immersing said plurality of electronic com-
ponents in said electrolytic plating solution for a
predetermined amount of time such that a plat-
ing material is deposited on selected of the ex-
posed internal conductive elements of said plu-
rality of electronic components, and respective
termination structures are developed by control-
led bridging of the plated material among select-
ed of the exposed internal conductive elements.

The method of claim 20, wherein said predetermined
amount of time is determined corresponding to a re-
quired time to build up plating material to a thickness
of greater than about one micron.

The method of claim 20, wherein said plurality of
electronic components are fully immersed in said
electrolytic plating bath solution for a predetermined
amount of time such that bridged termination struc-
tures having respective thicknesses of between
about two and about twenty microns are effected.

The method of claim 20, wherein said electrolytic
plating solution comprises a nickel or copper bath

solution.

The method of claim 20, wherein said electrolytic
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plating solution comprises a nickel sulfamate bath.

The method of claim 20, wherein the plating material
that is deposited on selected of the exposed internal
conductive elements of said plurality of electronic
components to form respective termination struc-
tures comprises nickel, and further comprising the
step of plating at least one additional layer of thin-
film metal over the nickel termination structures.

The method of claim 25, wherein said at least one
additional layer of thin-film metal over the nickel ter-
mination structures comprises one of tin and gold.

The method of claim 20, wherein said electrolytic
plating solution comprises a copper acid bath.

The method of claim 20, wherein the plating material
that is deposited on selected of the exposed internal
conductive elements of said plurality of electronic
components to form respective termination struc-
tures comprises copper, and further comprising the
step of plating at least one additional layer of thin-
film metal over the copper termination structures.

The method of claim 28, wherein said at least one
additional layer of thin-film metal over the copper ter-
mination structures comprises afirst portion of nickel
and a second portion comprising one of tin and gold.

The method of claim 20, further comprising a step
of cleaning selected surfaces of the plurality of elec-
tronic components before fully immersing the elec-
tronic components in the electrolytic plating solution.

The method of claim 30, wherein the internal con-
ductive elements of said plurality of electronic com-
ponents comprise nickel and wherein said cleaning
step corresponds to substantially removing any
buildup of nickel oxide on the exposed portions of
the internal conductive elements.

The method of claim 20, further comprising a step
of heating the plurality of electronic components to
strengthen the adhesion of the respective bridged
termination structures to the electronic components.

A method of forming electrolytically plated struc-
tures, said method comprising:

providing a plurality of layers, each layer being
delimited laterally by edges;

providing a plurality of internal electrodes selec-
tively interleaved among said plurality of layers,
wherein selected portions of said plurality of in-
ternal electrodes extend to and are exposed in
respective groups along at least one edge of
said plurality of layers, said interleaved combi-
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nation of internal electrodes and layers forming
a monolithic assembly characterized by re-
spective topmost and bottommost surfaces; and
electrolytically depositing at least one portion of
thin-film plating material along the periphery of
said multilayer component and connecting ex-
posed portions of said plurality of electrodes
within each respective group, wherein said thin-
film plating material is formed of at least one
metal, and wherein the distance between adja-
centexposed portions of said plurality of internal
electrodes within each respective group is no
greater than about ten microns.

The method of claim 33, further including the step of
providing a plurality of internal anchor tabs selective-
ly interleaved among said plurality of layers and ex-
tending to and exposed along at least one edge of
said plurality of layers in said respective groups, and
wherein the distance between adjacent exposed
portions of said plurality of internal electrodes and
said plurality of internal anchor tabs within each re-
spective group is no greater than about ten microns.

The method as in claim 34, wherein said plurality of
layers comprise a respective plurality of dielectric
layers of a multilayer electronic component.

The method as in claim 33, wherein said at least one
portion of thin-film plating material comprises one of
nickel or copper.

The method as in claim 33, wherein said at least one
portion of thin-film plating material comprises one of
palladium, tin, gold, silver, or tin-lead alloys or other
alloys copper.



EP 1 890 304 A1

14 14

—t
a0

14

NN

ESSaess

THATSL,

7
7B 7
PLRIENIE cm'r "' 817
5Wmmwm 77
)

S Lot

/
P
Figure 14
(Prior Art)
16
\ 22
, 20
18 24
M o —— T —
TFrgure 1B
(Prior Art)

24



EP 1 890 304 A1

56 58 56 58
58

58

54
N\ 52

54
/ [ . 52

TS S

S-S

56 58
ngure 24
~t =7 - Py ST ,' 64
— e Lo e e e Lo e D
‘ ! 270—/ 62
70 70 %
i
‘Fzgure 2B

25



EP 1 890 304 A1

30 30
30
7 ,.
7 ; 4
é 2”1!]”/
" I

30

RN

AL

7

Figure 34
(Prior Art)

82
’

ﬂfllt'l’ll.%’ll’ﬂlg LRI
7

7

30

30
82

NN

7 Wit ittty
7

1B RTIL R LTI Is IR

R

?’Illlllﬂlllllﬂg
2

TN

82
\

T

I \\
AN

NS

Z
TR
1 v

2
e is,

NN

TR TR

pl—
(lezitiieiisr IR v@/.zfz//.

B
Y 7

26

28

26

82

A”o’M&.’IlllJ’}(lg
z:’i’//ﬁ'/).'/l’l(ﬁﬁé

B IILIES,

S

7

\
N

R

7
7{'

NN

é’fl/ﬁ ¢

N\

W'

AR

AN TR RN R NERY
SRR

Frgure 3B

26

%
7
fll//l//ll{/’

SANERY

OHRNE

28



EP 1 890 304 A1

Figure 4B

27



.

.

_




104b ot

-
—

.. @

. 102
TFigure 6B

104a

Figure 6C



EP 1 890 304 A1

109

[04b

<

104a

AT

104b

<

104a

AN

Figure 6D

113

111b

Tigure 6F

30



EP 1 890 304 A1

104b

AN

104b

104a

AN

Trgure 6F

111a

St

il
dile, 1
41 =

111b 11’

TFigure 6G

31



EP 1 890 304 A1

4:4"\\b
48

46 —
S —
Figure 74
44’ 1 _
48
2 T
50 50 50 30

Frgure 7B

32




EP 1 890 304 A1

it > A
/S eSS e
/ D)
y 72
i
S
72
o — A
TFigure 84
74’

70 \ 70
T 58 11001
[T S ﬁ‘\g,;i N
1 2 \54\&__?
(11068 .

L
7678 g0 76 7?8 280
Figure 8B

33



EP 1 890 304 A1

110 leg
' \ 116

116
e
— 14—
o —
e — b
R 1140
Figure 94
110“1\L
120
120

118 ] N
— L=
18— — 118

Frgure 9B

34



EP 1 890 304 A1

157L 150 150 159%:)
E s 15822 | =
= SO = =

e — =1 =
= : = =
=158 154 =5 =
= — B —-f

e
. 157 .
Frgurel0A Trgurel 0B
16§ 160 165 160 169b
= 162 168 = —s;
= S ) = =

16@5-— < = :{g
- 3 = |
—_168 = =
— 164 = 34

ngurel 1B
175 170 178b
= 172 =

. E‘ZE ) E
= =
=178 %
= m@d

8
175
Figurel2A Figurel 2B

35



EP 1 890 304 A1

136

/ ////
-
G e
://j/}'f':,f

,/,/;, / L S //_

7
_

7 N //%/;//F///%
.

7
7 o

5 Z

Figure 13C

36



EP 1 890 304 A1

...~

. _ . %//%::”f
7

T, Z
" 7,
B
L
Y e
Z
./
i
'/, R

/,_/

.

7

//7//%/ 2

.

77
“////// - ///%
. -
7

Frgure 14(C

37



EP 1 890 304 A1

168

172 162 166
.

-

2
7

N

Tigure 154

168

172 W\/”SG

7
-

as;"_::.,v ?y‘&w

e ,\v'}}y‘w 9 »,ﬁf,{ﬁﬁ?/

.

. .

i e A s S

e
B ‘-ﬁfl’;‘:&"&* a;j::;f fg!" L S ;3’.‘%’}:: % /

CERR
:ff«f%}@ff'fﬁﬁ
7

e : St
SIS i e e : AT,
?ﬁ%ﬁﬁ@%ﬁ%ﬁxy@éﬁ@@mffé

170

174

Figure 15C

38



EP 1 890 304 A1

154

152

155

-'<"154
Trgure 164 Frgure 16B

156 .

152 e U VR T
WUNENS NI Y TR \\ 163a
1

o il

|
N/ 158

-
{o2]
(@]

162

______

152 f-----

S
.l
i

152 f----

il

>
[
BAN

L BRI RN Eoy R A R B

R0 UL I NPT N EEUWF LR IR NP Y NN I

163b B S TE B e i AU S TR A TR )
[ | I 1 N0 TS SRS ST LN | il

161b

Figure 16C Figure 16D

39



EP 1 890 304 A1

184

18017 4~180 1 Z4~180

188 e
VA T Gl s s s A\ 166

180 L2180 (24180 [ 177

Figure 174

184 184

179 N~ 182 BN W2 R

PN 178 | . 186
\/\;;, T T T T d%

S

182 AR W1e2 R 182

Tigure 178 184

188

ngure 17C

40



EP 1 890 304 A1

TFigure 19B

L/

200

/?/

200

L

194
~

200

C(—/"f- ---------------
v
B
Figure 18
B B
4 192 4
= 1
7192
; | V
5 TFigure 194 B
B B
: 192§
Q 196
i 194
__7__\74196
= 1o
= 104
| =4 i
v v
B B

Tigure 1 9C

41

Trgure 19D

= %4192
188



EP 1 890 304 A1

E
A
i
i
$
-
i
1
]
{
\ 4
E
D ¥
290 <~ s 1297
212 544 220 218 218
5 { =
5 1 .o-
___3\’31;214 - —212
=212 217
=] 017214 =\ _212
— 217
. ] 7 —
] (/\ L/\
. 214 214
> Figure 214
222
5 220 246 S
. . ;
' 4238 b v
: L =LY
220 ! ™\
A 220
214 220% }218 ‘ AL 220
3 — \
——7 212 ) 1
__A’V217 y..-
—— L 212 x
V ' 244
; 214 '¢- 240 --» ;
Figure 21C Figure 22

42



EP 1 890 304 A1

diuunny

1

HH;

N

N I’l IIlLUJ

228 "=
TN

Figure23 A
236

234 K

IHH:IV

[T

ATTTTT]TTTTITTTTT

1
HIT
LY

|

A 2
&

234

Tigure23B

236

“\

N
w
o

(L |U>I>b

’l%lgl [T

Frgure23C

43



EP 1 890 304 A1

r 206 G 204

i
1
b
1
[}
i
[}
'
t
1
1
]
1
i
i
|
[}
i
i
1
i
i
i
[}
!
|
i
i
1

|
ngure 24

Figure 25

G 262

260
-

Figure 26 A Figure 26 B

44



EP 1 890 304 A1

89 V9

1

09 99 ¢s

: H L

8r

L2 ambupy

sjeuluLa | jJo Jaquuinp

122014

9 ¢t

8¢

¥e

youd wirl g€ m DY 919} PeIRIpald |

youd wil g2 M a1 2190 peloIpaId 4

| yond wrl ooy /m 91 90£0 PerIPelg |

pajoIpald §2€ —
[ lidoHwr g8 ®

1dOH Wi pog ——
1daH wr pg ——

5t

S¢

Ge

14

GS

G9

G.

(Hd) 7183 utod siburs

45



(o]

EPO FORM 1503 03.82 (P04C01)

P)

EP 1 890 304 A1

European Patent
Office

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 07 11 1953

AL RITTER ANDREW P [US] ET AL)
23 December 2004 (2004-12-23)
* the whole document *

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 6 960 366 B2 (RITTER ANDREW P [US] ET |1-32 INV.
AL RITTER ANDREW P [US] ET AL) HO1G4/228
1 November 2005 (2005-11-01) HO1G4/232
* the whole document * HO1G4/30
X US 2004/257748 Al (RITTER ANDREW P [US] ET|33-37

TECHNICAL FIELDS
SEARCHED  (IPC)

HO1G
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 9 January 2008 Lescop, Emmanuelle

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

46




EPO FORM P0459

EP 1 890 304 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 07 11 1953

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

09-01-2008
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6960366 B2 01-11-2005 JP 2004040084 A 05-02-2004
US 2003231457 Al 18-12-2003
US 2004090732 Al 13-05-2004
US 2004218373 Al 04-11-2004
US 2005046536 Al 03-03-2005

US 2004257748 Al 23-12-2004  TW 260657 B 21-08-2006
US 2004218344 Al 04-11-2004

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

47




EP 1 890 304 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

US 066575 A [0001]
US 818951 A [0001]

US 632514 A [0001]

US 6960366 B [0001]

US 409023 A [0001]

US 372673 P [0001]

US 5880925 A, DuPré [0003]

US 6243253 B1, DuPré [0003]

US 5021921 A, Sano [0005]

US 6232144 B1, McLoughlin [0005]
US 6214685 B1, Clinton [0005]

US 5944897 A, Braden [0006]

US 5863331 A, Braden [0006]

48

US 5753299 A, Garcia [0006]
US 5226382 A, Braden [0006]
US 6380619 B, Ahiko [0008]
US 4919076 A, Lutz [0009]

US 5880011 A, Zablotny [0010]
US 5770476 A, Stone [0010]
US 6141846 A, Miki [0010]

US 3258898 A, Garibotti [0010]
US 4811164 A, Ling [0011]

US 4266265 A, Maher [0011]
US 4241378 A, Dorrian [0011]
US 3988498 A, Maher [0011]



	bibliography
	description
	claims
	drawings
	search report

